GENERAL LIBRARY; 
UNIV. OF MICH. 


NTA FA. 10N6 


CUT ATR LD 


A MONTHLY MAGAZINE DEVOTED TO THE USEFUL APPLICATIONS OF 
COMPRESSED AIR 








Vol. x1 DECEMBER, 1906 No. 








AIR COMPRESSORS 
‘* VACUUM PUMPS 


STEAM OR AIR MOTORS. 
AIR LIFT—PNEUMATIC APPLIANCES. 





Perfect Balance. 
High Speed. 

Light Weight. 
Mechanical Valves. 
High Economy. 

No Small Parts. 
Efficient Cooling. 
Small Clearance. 








Direct Connection. 

















Great Efficiency. 


BELT DRIVEN ON 


DIRECT CONNECTED 
SLIDING BASE. 


TO MOTOR. 





Our Engineering Department is prepared to 
draw up plans, specifications, furnish estimates 
and construct, or supervise the construction, 
of complete installations. 


ROTENG ENGINEERING CORPORATION, 


299 Broadway, 
New York City, U.S.A. 











Published by THE KOBBE CO., 90-92 West Broadway, New York. 
Alphabetical Index of Advertisers, Page 13, Advertising Section. 








Fiske Brothers Refining Co. 
NON-CARBONIZING OIL 


AIR COMPRESSORS 


Also all Grades of Lubricants for use on Machinery Propelled 
by Compressed Air 





Office and Salesroom, 13 & 15 Old Slip, New York, U. S. A. 





Cable Address: London Office : Sole Agents for Scotland : 
LUBROLEINE.’”’ 3 MITRE STREET JOHN MACDONALD & SON, 
ALDGATE, LONDON, E. C. GLASGOW, SCOTLAND 








LIDGERWOOD PPF’G CO. 


Boston 96 Liberty Street Chicago 
Philadelphia Portland, Ore. 
Cleveland, O. New York New Orleans 


STANDARD 
High-Speed 
Hoisting , 
Engines / 1g Ds AND 


Cableways, 


Hoisting 


Built on the AL ae Conveying 
Duplicate SBA ik 
ht Graton SS eg Devices, 


—— 


For Canal and Trench Excavating, Dam Construction, Wall and Pier Building, 
Mining, Quarrying, Logging, and General Contract Work 

















A GOOD RELIABLE WATCH 


FOR YOURSELF OR | 
For a Christmas Present for a Friend. 


We have arranged with the manufacturers of a high grade watch to 
supply them to our friends at a reasonable price. We can furnish you 
with a regular $15.00 watch in open face or hunting case, Elgin or 
Waltham movements, for $11.00 and $13.00 respectively. The open face 
with either movement for $11.00, and the hunting case with either move- 
ment, $13.00. The open face watches are screw face and back, both are 
18 size. The Elgin movement is nickel, 15 jewels in composition settings. 

Brequest Hair Spring Patent Regulator, sunk 
second dial, Roman figures, moon hands, 
patent center pinion, bright flat screws ele- 
gantly engraved and 

Damask keened and 

the regular Elgin 

main spring. These 

watches are cased in 

the well known 

American filled case. 

The Hunting cases 

have solid gold joints, 

solid gold plugs and = 

each one contains a warranty for 20 years 
wear. They are all stem wind and stem set. 


The Waltham is full jeweled throughout, both 
the escapement and the train. This is just the watch that any person 
should carry whose position requires accurate time. 


We absolutely guarantee these watches to give satisfaction or money refunded. 
We can obtain ladies watches at prices ranging from $12 to $18. We will 
send a gentleman’s watch free to any person sending us 15 new subscribers 
to the Engineers’ Review enclosing $15 in payment for the same. Make all 


remittances payable to 
ENGINEERS’ REVIEW, 
500 Caxton Building, 
CLEVELAND, OHIO. 














Enginerring World 


General Engineering-~ Technical 


52 ISSUES A YEAR FOR $2.00 


Main Office : 
168 MICHIGAN AVENUE, CHICAGO 


New York Office 
143 LIBERTY STREET 














Want to Reach the 
Railroads of the 
Entire World ? 


You can do so by advertising in THE RAILROAD 
GAZETTE. We publish two editions—one in New York 
and another in London. If you advertise in the American 
edition your advertisement is reprinted in the latter without 
extra charge. 

Amongst railroad officials the circulation of the 
RAILROAD GAZETTE is greater than the combined circu- 
lation of all other railroad papers. It covers all depart- 
nents of railroading and is a recognized authority. We 
publish all the standard railroad books. 


Advertising rates on application. 


THE RAILROAD GAZETTE Sesiasss ts." 


Queen Anne’s Chambers, London 
































COMPRESSED AIR 


Practical information on Air-Compression 
and the Transmission and Appli- 
cation of Compressed Air 


By FRANK RICHARDS 12 mo., cloth, $1.50 


John Wiley & Sons, New York. 














BROWNING’S 


INDUSTRIAL 
MAGAZINE 


Devoted to the interests of Engineer, 
Contractor, Designer and 
Superintendent. 


IT IS THE MIDDLE WEST MAGAZINE OF ENGINEERING. 
Price, $1.00. 
Address at COLLINWOOD, OHIO. 











ANY MAN 


mechanically inclined, knows the advantage and 
necessity of keeping himself well informed as to the 
progress which is being made continually in the 
machinery world, Our monthly journal, 


MODERN MACHINERY 


tells you every month all about this progress. It is 
well illustrated and interestingly written, and costs 
but $1.00 per year. Single cepies 10 cents, 


WE WANT 


every reader of COMPRESSED AIR to send us his sub- 
scription at once, so that he may take advantage of 
our liberal offer. 

Send us $1.00, and we will send you Modern Machinery 
for one year, and we will also send you, free of all 





charges, one of our Improved Gravity Stylo Pens, an 
improvement over the ordinary fountain Pen. 


SUBSCRIBE AT ONCE 


MODERN MACHINERY PUB. CO. 
816 Security Building, Chicago, Ill, 

















MARINE. 


» “ENGINEERING 


The Only Publication 
in the World 








Devoted exclusively to Engineering as 
applied to Marine work is Marine 
Engineering 
TERMS OF SUBSCRIPTION 
Per Year Per Copy 


United States, Canada and Mexico, $2.00 20 cents 
Other Countries in Postal Union, 2.50 25 cents 


SAMPLE COPY FREE 


Marine Engineering 
17 Battery Place, NEW YORK, U. S. A. 

















WHAT PRESS CLIPPINGS 
MEAN TO YOU. 


Press clipping information is information you 
can obtain in noother way. As a business aid, 
Press Clippings will place before you every 
scrap of news printed in the country pertain- 
ing to your business. They will show you 
every possible market, big and little, for your 
goods, openings that you would never even 
hear about in the ordinary way, and—they 
give you this information while it is fresh and 
valuable. 

If you have a hobby, or wish information 
upon any subject or topic, press clippings will 
give you a//the current information printed 
on the subject. 

The cost for any purpose is usually but a few 
cents perday. The 


INTERNATIONAL PRESS CLIPPING BUREAU 


the largest press clipping bureau in the world, 
reads and clips 55,000 papers and other peri- 
odicals each month, and even if you are now a 
subscriber to some other clipping bureau, it 
will pay you to investigate our superior ser- 
vice. 


Write for our book about Press Clippings and our Daily 
Business keports, and asx avout the International Inform- 
ation Bureau, which supplies complete manuscripts or. 
material for addresses, essays, lectures and debates, and 
complete and reliable information upon any subject at 
reasonable cost. Address 


INTERNATIONAL PRESS CLIPPING BUREAU 


103 Boyce Building, CHICAGO, ILLINOIS, U. S. A. 


























I 8 74 32 Years under one and the same ownership and management J[ 906 


ENGINEERING NEWS 


A JOURNAL OF CIVIL, MECHANICAL, 
MINING AND ELECTRCAL ENGINEERING 


GEORGE H. FROST, Founder, - President 





Published Every Thursday. $5.00 a year; 15 cents a copy 


Each Issue Contains an Average of 132 Pages of Text and Advertising 


‘‘We have been advertising in the Engineering News almost since the memory of 
man runneth not to the contrary. From year to year we have increased our space, and 
at the present time we are carrying a page weekly. This record is the best expression 
of our opinion as to the value of the paper.” —INGERSOLL-Ranpb Co. 





Ask FoR A SAMPLE Copy anp Buyers’ GuIDE 


The Engineering News Publishing Company 
220 BROADWAY, NEW YORK 
1636 MONADNOCK BLOCK, CHICAGO 




















rT COR i The Proceedings 


OF 





A WEEKLY REVIEW OF 
COAL, COKE THE ENGINEERS’ CLUB 


AND 
HKiadred Interests OF PHILADELPHIA. 














The only Weekly Coal Trade Published Quarterly 


Newspaper Published in the 
Greater Pittsburg District. A Splendid Advertising Medium 


$2.00 per year 


For Space and Rates Address 


Write for Advertising Rates. GEORGE T. GWILLIAM 
Chairman Advertising Committee 








or 


WALTER LORING WEBB 


Secretary 


Cc. W. SMITH CoO., Publisher 
802 Arrott Building 


PITTSBURGH, PA. 1122 GIRARD STREET, PHILADELPHIA 





























The Press 


reflects the activities of the world. The papers 
of the country are full of 


Valuable Pointers 


For example:—A telephone line is to be built 
and the first one to obtain the information is 
the local editor. Wesend the item toa manu- 
facturer of telephone equipment, who immed- 
iately gets in touch with the parties and secures 
their order before his competitor knows any- 
thing about it. The same idea applies to most 
any business. We have made a study of the 


Commercial Value of 
Press Clippings 


and are daily supplying thousands of satisfied 
customers. We give you theinformation before 
the trade journals and publishers of so-called 
trade reports know anything about it. No 
matter where you are or what your line of 
business, we can help you. 

Send $3.00 for a special trial month’s service. 
One new order will pay for a year’s subscription. 

CLIPPINGS on any subject from current 
issues for a few centsaday. We cover the en- 
tire country and read more of the leading pub- 
lications than any other bureau. Booklet fora 
stamp. 


United States Press Clipping Bureau 


1326-1334 Republic Building, 
CHICAGO, ILL. 











SRORORORORORO ROO ROO RO RO ROR ORONO OAROAG I 


Yo 





OROKOKOKZOKOROROROROROA 


OKOKZOZO ZO AOA AO AO AOA AOA O AO AOAQADAQOADADAGLIA! 


TRAVEL wr 


SPEED COMFORT SAFETY 
BETWEEN 


New York 
Philadelphia 
=_—— Central 


(Train Every Hour on the Hour) 

















Pullman Observation No Dust 
Parlor and Cafe Smoke or 
Cars Cars Dirt 
90 MILES IN TWO HOURS 





NEW YORK STATIONS: 


West 23d Street 
North River 


Foot Liberty Street 
North River 











OxXOxOxOxOxOxOxOxOxOxOxOxOxOxOxOxOxOxSxOxOxOxXOxXOXOXOXOXOXOKOXO ROSY 














Leads ana Holders 


Using more colored leads than any 
other business house in the world, 
and unable to find a lead-holder 
that would hold and keep on 
holding, we invented one with a 
positive stop, no provoking clutch. 
It has stood the test of a dozen 
years’ constant use; it doesn’t 
wear out; the lead can’t work 
back; it is a double-ender; it is 
perfection for editing copy, check- 
ing, etc. We mail it for 25 cents, 
loaded with two leads. We sell 
black, blue, green, yellow and red 
leads for $5.00 a gross, 50 cents a 
dozen, 5 cents a piece—made for 
us, 3 inches long, the best quality 
we can get. Stamps acceptable. 


Luce’s Press Clipping Bureau 


26 Uesey St., New York 
68 Devonshire St.. Boston 








Will send you all 
newspaper clip- 
pings which may 


Romeike’s Press 
Cutting Bureau appear about you. 
"or any subject on 





which you want to be ‘‘up-to-date.”’ A large force in 
our New York office reads 650 daily papers and over 
2500 weeklies and magazinps, in fact, every paper 
ofimportance published in the United States, for 
over 5,000 subscribers, and. through the European 
Bureaus, all the leading papers in the civilized 
globe. Clippings found for subscribers, with name 
and date of paper are mailed day by day. Terms, 
$5.00 per 100. 


BRANCHES: 
London, Paris, 
Berlin, Sydney. 


HENRY ROMEIKE, Inc. 
110-112 W. 26th St., N. Y. 























WANTED 


The following back copies of 
Compressed Air : 


Vol. 9—1904. 
No. 5—July. No. 6—August. 


ot 
Name prices wanted and address 
H., care of Compressed Air. 




















‘THE only publication in the 
world devoted exclusively 


to the boiler-making industry is 








or ae 





— Fi 


BOILER MAKER 














Subscription 
Price, 

$1.00 

per year 
Domestic 
$1.50 Foreign 


Sample Copies 


Free 





h 


BOILER MAKER 


17 Battery Place 
NEW YORK CITY 

















WEEKLY 
ESTABLISHED 1856 


A Journal of Transportation 
Engineering and Railroad News 


The Recognized 
Leading Railroad 
Paner 


Amongst Railroad Officers—the 
men that buy—the circulation of 
the RAILROAD GAZETTE is 
greater than the combined circu- 
lation of all other Railroad 
papers. It covers all departments. 


ADVERTISING RATES ON APPLICATION 
Subscription $5.00 a year 
Sample Copy Free 


NEW YORK 
83 Fulton Street 


LONDON 


Queen Anne’s Chambers 


CHICAGO 
Old Colony Building 


























MINES AND MINERALS 


DECEMBER 


Is devoted exclusively to articles on 
the practical operation and principles 
involved in the operation of mines and 
metallurgical plants. It publishes just 
such articles as are of most value to 
the men in charge of mining and 
metallurgical plants. 
are selected with such care and are so 
carefully illustrated and edited that 
MINES AND MINERALS is regarded as 
the leading exponent of American 
mining methods. 


Single Copies, 20 Cents 


These articles 


$2.00 the Year 








Address all Orders to Department C ° 


MINES AND MINERALS, Scranton, Pa. 































abi bs 
Denne una 


—=—= ms 


ENGINEERING 
MAGAZINE 


8 AN INDUSTRIAL REVIEW 








THE ENGINEERING MAGAZINE pub- 
lishes the best original articles by 
the highest authorities on all phases 
of current engineering progress, 

Additional and exclusive features 
are: a Reviewer and Topical Index 
to the current contents of nearly two 
hundred engineering and industrial 
journals; Current Record of New 
Technical Books; Industrial News; 
latest Improved Machinery and new 
Trade Literature. 

Every number is a valuable refer- 
ence book for every engineer or 
student of engineering. 

Ask for sample copy and descrip- 
tive circular. 


THE ENGINEERING MAGAZINE 
140-142 Nassau St., New York 





























































Your 








Salary 































We have 
built up the largest 
educational institution 
in the world, with an invested 
capital of 5 million dollars and 
with 3? of a million students, by 
helping people to increase their earn- 
ings. This remarkable growth means 
that we have made a remarkable success 
of enabling people to earn more money. 
It is because we have helped so many 
thousands of others under all circum- 
stances that we state positively that we 
can help YOU. Do you want to raise 
your salary? It puts you under no 
obligation to find out hcw you can 
do so. Simply write us, stating 
the occupation you wish to 
rise in. DO It NOw. 


International Correspondence Schools 
Box 1132, 
Scranton, Pa. 












“ Graphoil” 


Lubricators 


will feed Glycerine, Soap Suds 
or Oil, 

WITH or WITHOUT 
Graphite. 





PROCESS 


will enable you to install butt-welded joints in 
your compressed air or refrigerating pipe 
lines. These joints are equal in strength to 
the original pipe and do not affect the diame- 
ter; furthermore, they will eliminate leakage 
losses and pipe line maintenance charges. 
The operation of welding joints can take place 
anywhere without the aid of heat or power 
from outside. The appliances for pipe up to 
two inches can be carried and handled by one 
man. More than two inches by two men. No 
machining after welding. Learn about the 
wonderful properties of the aluminothermic 
reaction by writing for our _ illustrated 
pamphlet. 


GOLDSCHMIDT THERMIT CO. 


43 Exchange Place, New York. 





THE USE OF OIL may be reduced 
toa minimum or wholly ABAN DONED, 
and the DANGER of IGNITION and 
EXPLOSION eliminated. 
















Comstock Engine Co., 


61 Clymer Street, Brooklyn, N. Y. 











2c. IT’S EASY 2c. 
A TWO-CENT STAMP DOES IT 


At the bottom of this page you will find a long list of subjects involving the use of compressed air. Are you interested 
in any of these? If so, isn’t it worth while paying two cents to obtain some valuable information on them ? Simply mark 
an X before the subjects on which you desire information, fill in your name and address and we will send you five back 
numbers of COMPRESRED AIR which contain articles BEARING DIRECTLY on these subjects and enter your name asa 
subscriber to our paper on the conditions stated below. 

This offer can only hold good for a limited time owing to the fact that a great many people are taking advantage of 
this special inducement and our supply of back numbers, therefore, is rapidly becoming exhausted; so don’t let it go by. We 
know that you will find many things of interest in COMPRESSED AIR, original articles which appear nowhere else as well as 
the condensed compressed air news culled from over one hundred periodicals embracing almost as many industries. 

No matter what business or profession you may at present be engaged in, the chances are that sooner or later you will 
have occasion to use compressed air. The table below gives a fair idea of the many ways in which it may be used to 
advantage and its field of application is constantly widening. You can only keep posted on the newest applications of pneu- 
matic tools and appliances by becoming a subscriber to COMPRESSED AIR. 

Edited by engineers of wide experience both in theory and practice, this magazine is in a positlon at all times to 
answer your questions and render you intelligent advice. 


Compressed Air 


Published by THE KOBBE COMPANY 
90-92 West Broadway, New York 





Please enter my subscription to COMPRESSED AIR for one year from date, for which I agree to pay 
one dollar before my subscription expires, Also send five back Nos, on subjects marked (X) below. 


Name 


Address - 





COMPRESSED AIR IN THE MACHINE SHOP COMPRESSED AIR FOR THE SAND BLAST 
COMPRESSED AIR IN THE BOILER SHOP COMPRESSED AIR FOR HOUSE CLEANIEG 
COMPRESSED AIR IN THE FOUNDRY COMPRESSED AIR FOR RAILROADS 
COMPRESSED AIR IN CONTRACTING COMPRESSED AIR FOR PAINTING 
COMPRESSED AIR FOR PUMPING WATER COMPRESSED AIR FOR GROUTING 


COMPRESSED AIR IN THE QUARRY 
COMPRESSED AIR FOR STONE WORK 
COMPRRSSED AIR IN TUNNELLING 
AIR COMPRESSOR DESIGN 














COMPRESSED AIR. 


(OMPRESSE)) 


Established 1896. 


A monthly magazine devoted to the useful applica- 
tions of compressed air. 








DECEMBER, 1906. 
CONTENTS. 

The Gunnison Tunnel of the Uncom- 
pahgre Irrigation Project ......... 4281 
PUSWOMIOWELS. <cosre oso on so oaeie wiielewie A 4288 
A New Rotary Air Compressor........ 4288 

Compressed Air, Its Transmission, Pro- 
duction and Application ........... 4291 
PRAGA ARINES opie cte ve teyoiie eis fio sistateseerstaeco Waa 4306 
WataaeS) OLAV LOM ..siaie0:514.0)eioinisiers ngs oieinre 4307 
RAS Oe eiaeiote ye do satsonseiora areca srciemieinate 4308 


Air Brakes for Motor Cars—A New Application of 
the Channeling Machine —Coming Exposition of 
Safety Devices—Cost of Riveting on the Brooklyn 
Towers and End Span of the Williamsburg Bridge— 
Air Comprrssor Lubrication 


Mew: PubMeCaGis) .2i6.55csicisaiisrens sttoese 4311 
Trade “PGblications® 3.4.05 c<ccer sa esac 4312 
WIPSEEIAD. 2S koisisia re Sin athe eevee es 4313 


Butt W elding Wrought Iron Pipes by the Thermit 
Process—A New Course of Instruction at Pratt 
Institute—W estinghouse Air Compressor for Garages 
Independent Pneumatic Tool Co.—A New Rotary 
Steam Engine—A New Drill Sharpener—The Multex 
Compressed Air-Lift Pump—Floor Scrubbing Made 
Easy—Trial of Rock Drills at Bendigo. 


Chippings : igaweeeicaninewee. Ree 

Wells and the W sali. A ee CS 4322 

United States Patents, Especially Pre- 
pared for CoMprRESSED AIR ......... 4323 


THE GUNNISON TUNNEL OF 
THE UNCOMPAHGRE IRRI- 
GATION PROJECT 
By M. G. Dotu.* 


It is only by close acquaintance with some 
specific undertaking, such as the one described 
in this article, that it is possible to realize the 
extent of the work being done by the U. S. 
Reclamation Service. The Uncompahgre pro- 
ject is but one of dozens of irrigation sys- 
tems which are being developed throughout 
the West. Some of these are larger in extent 
and more important in their results than this, 


*1748 Broadway, Denver, Colo. 
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but from an engineering standpoint, none is 
of greater interest. The driving of a tun- 
nel nearly six miles in length through mater- 
ials ranging from soft mud to hard rock is a 
large enterprise, particularly when it is re- 
membered that owing to the height of the 
hill penetrated, nearly five miles of the tunnel 
are being driven from two headings, one at 
each end, without intermediate shafts for ven- 
tilation and removal of excavated materials. 
This tunnel is the longest, although not the 
largest in point of diameter, in the United 
States, and as far as the writer’s informa- 
tion goes, it is the longest in the world, driven 
as above described from only two openings 
and without intermediate shafts. The meth- 
ods and the progress made, as described be- 
low, reflect great credit upon the skill and 
executive ability of the government engineer- 
ing force in charge of the construction. 





VIEW FROM TOP OF SHAFT FOR HEADINGS 2 AND 3. 


THE IRRIGATION PROJECT. 

The Gunnison Tunnel is part of the Uncom- 
pahge Valley Irrigation Project, 
by the United States Reclamation Service. 
This project when completed will reclaim 
about 150,000 acres of land, in the Valley of 
the Uncompahgre river, in a portion of Mon- 
trose and Delta counties, in the west central 
part of Colorado. (See general map.) Small 
portions of the Uncompahgre Valley have 
been under irrigation for some time, by water 
drawn from the Uncompahgre river, but ow- 
ing to the limited supply of this water, the 
irrigation necessarily had to be restricted to 
a small area. However, these preliminary ex- 
periments served to show the possibilities of 
this land, if it could be supplied with a suffi- 
cient amount of water. 

The soil in the Uncompahgre Valley is 
practically of two kinds, an adobe on one side 


undertaken 
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and a sandy soil on the other. The adobe 
has proven to be adapted especially to wheat 
and other small grains, in general, while the 
sandy soil is more strictly adapted to fruits, 
potatoes and sugar beets. The productive sea- 
son of this section has been in the past rather 
long, spring opening early and the autumn 
frosts coming late. These facts, coupled with 
the large choice of crops, should not only 
make the project a thorough success, but they 
should also make this one of the ideal sections 
of the State for homesteads. 

To accomplish this condiiton of affairs it 
was calculated that an additional water sup- 
ply of 1,300 cubic feet per second, during the 
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a part of the concreting in the solid rock por- 
tion, so that the flow of water through the 
tunnel may begin in the spring of 1908. The 
remainder of the concrete construction will 
be completed during the winter of the same 
year. During subsequent years it is intended 
to maintain a full water supply from April 
Ist to October 1st. A diminished flow will 
be maintained for cattle water for some time 
previous to April 1st and continued for some 
time after October 1st. The cost of the 
entire project, complete, is estimated at 
$2,500,000. 
THE TUNNEL—GENERAL FEATURES. 
The east or river portal of the Gunnison 























PROFILE OF THE 
(Redrawn from the Government Map) Horizontal scale 1 inch = 4125 feet; Vertical scale, 1 inch = 735 feet. 


productive season, would be necessary. Rec- 
ords of the Gunnison river showed that an 
average maximum flow of 14,200 cubic feet 
per second occurred in June and a minimum 
of 750 cubic feet per second in September; 
during April of this year there was an aver- 
age flow of 1,481 cubic feet per second. The 
Gunnison river, therefore, carried sufficient 
water to furnish the necessary supply for the 
Uncompahgre Valley project, but it was locked 
in one of the characteristic cafions of Colo- 
rado, with nearly perpendicular walls of solid 
rock about 1,500 feet in height. After a thor- 
ough investigation on the part of the Reclama- 
tion Service, it was finally considered feasible 
to divert the water from the Gunnison cafion 
by running a tunnel nearly six miles in length 
under Vernal Mesa. 

Work was begun on this tunnel in February 
of 1905. On July Ist, 1906, the total distance 
driven was 13,767 feet, of which 1,321 feet 
were completed during the month of June. 
At the present time it is expected that the 
work will be completed, with the exception of 
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tunnel is situated in the cafion of the Gunnison 
river, in Montrose county, altitude (grade line 
of the tunnel at Section No. 1) 6,533 feet. (See 
general and profile maps.) The grade line of 
the tunnel is about 6 feet below the lowest point 
of the bed of the river. At the present writing, 
the plans and specifications for the controlling 
gates have not been passed upon. The total 
length of the tunnel from the east to the west 
portal will be 30,582 feet, with a fall of 2.02 
feet per 1,000 from the east to the west por- 
tal. It is designed to have a capacity of 1,300 
cubic feet of water per second with a velocity 
of 12.6 feet per second. 

The tunnel is ten feet in width at grade, 
with walls slightly sloping to the base of the 
arched roof or invert, where it is 11 feet wide. 
The height from the floor to the highest point 
varies from 11 feet 5 inches to 12 feet. The 
greatest depth from the surface of Vernal 
Mesa to the tunnel is 2,200 feet. The accom- 
panying profile map and cross section of the 
tunnel at different points indicate the extent 
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and character of the undertaking. 

The postoffice name of the camp at the east 
portal is River Portal; that at the west end 
of the tunnel is Lujane. They are connected 
by a government road about 12 miles long, 
passing over Vernal Mesa. This road and a 
general view of the Mesa are shown in the 
accompanying illustrations. The building of 
this road was an engineering feat in itself, 
especially on the River Portal side, where the 
walls of the cafion are extremely steep and 
rugged, the summit being nearly 2,000 feet 
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8 inches apart, the rails being held in place 
by a double concrete arch. This grating 
serves to break the force of the fall and also 
to catch any debris which may be carried 
down the canal. From this grating the water 
falls into a basin of sufficient depth to form a 
water cushion, thus preventing any damage 
to the concrete lining. 


TUNNEL CONSTRUCTION—MATERIALS 
ENCOUNTERED. 
The main tunnel was driven from four sep- 





THE EAST, OR RIVER PORTAL; TO THE LEFT IS THE HOIST HOUSE. 


above the river. 
THE DISTRIBUTING CANALS. 

From the West ‘Portal, 1,250 second-feet of 
the water will be carried through a cement- 
lined canal (50 second-feet having been diverted 
to Cedar creek near the portal) to the Uncom- 
pahgre river, where a number of branches are 
made, the bed of the Uncompahgre river also 
being utilized to convey a portion of the water. 
As the grade from the West Portal to the 
Valley is quite steep, it will be necessary to 
lower the water by gradual stages, so that 
the walls and bed of the canal may not be 
destroyed by the velocity of the flow. This 
fall is accomplished by a series of 14 steps, 
which are so placed as to cause the water to 
fall on a grating of 80 pound steel rails, spaced 


arate headings (see profile map), No. 1 at the 
east portal, Nos. 2 and 3 from a 200-foot shaft 
which was sunk about a mile from the west 
portal, and No. 4 from the west portal of the 
tunnel. Nos. 3 and 4 have since met, thus 
leaving work at Nos. I and 2 in active opera- 
tion at the present time. Heading No. Ir was 
driven in a hard rock formation from the be- 
ginning, while the materials in Nos. 2, 3 and 
4 vary from a soft adobe mud in No. 4 to a 
very soft, extremely brittle shale in No. 2. 
The ground in No. 4 and the latter part of 
No. 3 just previous to the junction of Nos. 
4 and 3 consisted of a soft swelling adobe 
mud. 

The sections of the tunnel running through 
the mud and soft shale were timbered with 
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eight and twelve inch pine timbers, and the 
whole tunnel section is lined with concrete. 


METHOD IN EARTH AND ‘SOFT ROCK SECTIONS. 


Heading No. 2 and the first part of No. 3, 
in soft shale, were advanced by a bench and 
overcut heading system, employing air-driven 
rotary drills or coal augers. With a few ex- 
ceptions, where the ground was firmer than 
ordinary, the timbers were advanced by the 
crown bar system, which consisted in carry- 
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During the latter part of July of this year, 
the hoist originally used for headings Nos. 2 
and 3 was put out of commission, and the 
muck from No. 2 heading is now being car- 
ried through the west portal of the tunnel. 
This is a very economical operation, as the 
loaded cars are carried on the down grade, 
therefore the amount of muck moved by the 
mine locomotives depends largely on the 
number of empty cars the locomotive is able 
to haul up the grade. At the foot of the 


+ 
TOWN OF RIVER PORTAL AND THE GUNNISON RIVER; THE SMALL CROSS ON THE LEFT BANK 
INDICATES THE EAST PORTAL OF THE TUNNEL, 


ing the roof on temporary stringers held in 
place by jack-bars, until the permanent tim- 
bering could be finished. Very rapid work 
was accomplisheu in this ground, in a few 
cases over 600 lineal feet being driven dur- 
ing one month. 

The muck from headings Nos. 2 and 3 was 
hoiated through the shaft, located at their 
starting point, while that from No. 4 was 
hauled in side dump tunnel cars, holding 1% 
cu. yds. each, through the west portal and 
run out on a dump at the side of the main 
canal. In heading No. 2 the tunnel has re- 
cently passed through a deposit of sea shells, 
some of which were three and four feet in 
diameter. These shells sometimes fell with- 
out warning, bringing down masses of shale 
from the roof of the tunnel. 


y 


2 


< 


shaft a large room has been constructed. It 
intended to install of the concrete 
plants in this room, and divide the shaft into 
two compartments, to be utilized for supply- 
ing by gravity feed the gravel and sand used 
in the concrete. 


iS one 


A very good grade of these 
is obtained from the Mesa in the 
near vicinity. The concreting will be simul- 
taneously begun in a number of places in the 
west portion of the tunnel, as soon as the 
mixing machinery can be installed. 
EAST PORTAL—ROCK 
In heading No. 1 (driven from the east 
portal) a different condition of affairs ex- 
ists. This heading has been in very hard rock 
ever since the beginning of operations, and 
from all indications it will probably continue 
so until headings Nos. 1 and 2 meet. 


materials 


CONSTRUCTION. 
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Owing to the fact that the grade line of 
the east portal is six feet below the bed of 
the river, it was necessary to make an open- 
ing above the high-water mark of the river, 
and then drop sharply to the grade line. This 
causes a short, steep incline, at the mouth 
of the tunnel, which necessitates the use of a 
small hoist, for hoisting and lowering the elec- 
tric locomotive and the two-yard loaded 
muck cars. These cars are handled on the 
dump by a stiff leg derrick designed and built 
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terials. Ventilation is provided by means of 
powerful blowers at either end of the tunnel, 
and no trouble has been experienced on this 
score. All materials excavated are removed 
through the tunnel itself. The method em- 
ployed in the west heading has already been 
described. From the river heading the muck 
cars are run to the bench on a double track, 
the forward cars being filled by the bench 
muckers and the after cars by the heading 
muckers. The muck from the heading is car- 





THE WEST PORTAL AND TOWN OF LUJANE. 


on the ground by the government engineers. 
(See cut, page 4288). 

The rock work at the east portal was be- 
gun by contract. Under the supervision of 
the contractors the work was advanced by an 
undercutting drift, the roof being subsequent- 
ly shot down. Owing to this method, and to 
deficiencies in equipment, as will be shown 
below, progress was unsatisfactory and the 
contractors abandoned their task. The work 
was then taken up by the United States Re- 
clamation Service, and overcut heading and 
bench work was installed. Since this time 
the work has been making very satisfactory 
progress. 

As mentioned above, the height of the hill 
over the tunnel prevents the sinking of a 
shaft for ventilation and removal of ma- 


ried to the rear cars on wheelbarrows, over 
the bench and onto a gang plank, supported 
above the cars on long mining bars. This 
method of driving a tunnel has shown its 
merits and proven its practicability in its more 
rapid advance and in lower cost of operation, 
as demonstrated by complete records of these 
details for both systems, kept by the engin- 
eering force. 
ROCK DRILLING. 

The original contractors had installed a 
Leyner air plant with Water Leyner drills, 
and the use of this plant was continued un- 
der the new system. Four Leyner drills were 
used in the heading and two on the bench. 
In February of this year, Mr. W. H. Davis, 
a tunnel man of experience, was appointed 
superintendent of heading No. 1. Shortly be- 
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fore April Ist Sullivan standard three-inch 
drills were substituted for the Leyner ma- 
chines. This change produced a marked in- 
crease in the progress of the tunnel, as well 
as a considerable saving in the cost of drill 
repairs, even though the rock became con- 
tinually harder as the tunnel advanced. It 
was also found that four Sullivan drills in 
the heading with one on the bench, were suf- 
ficient to successfully carry on the work. The 
following tables, compiled from the records 
kept by the government engineers, will give 


- — —— — 





THE BLACK CANON 


an idea of the progress made up to date. 

The following results were tabulated from 
a special report in the engineer’s office, com- 
paring the relative cost of the rock drill re- 
pairs on the Leyner drills, for a period of 
six months, from September Ist, 1905, to 
March Ist, 1906, with those on the Sullivan 
drills for a period of three months, from April 
Ist, 1906, to July Ist, 1906. These costs are 
simply for the repair parts required for the 
drills, the cost of the steel used, and of the 


time required by the mechanic in making the 
repairs : 


Cost per lineal foot of completed tun- 


nel section, for Leyner drills....... $4.65 
Cost per lineal foot of completed tun- 
nel section, for Sullivan drills...... .86 
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Cost per lineal foot of holes drilled, 
for the Leyner drills 31 


ee 


Cost per lineal foot of holes drilled, 
for the Sullivan drills ......0.cesee. .03 
The engineer‘s records also show the aver- 
age cost of repairs, steel and labor for one 
Sullivan drill per month to be approximately 
29 per cent. of the cost of repairs for one 
Leyner drill per month. 
POWER PLANTS AND EQUIPMENT. 
The power plants at Lujane and River Por- 
tal are constantly changing as the work ad- 
vances. The former has a tendency to de- 


OF THE GUNNISON. 


crease in extent, owing to the smaller number 
of headings being supplied with power, and 
to the fact that the grade of the tunnel is to- 
ward the west portal. The plant at River 
Portal, conversely, has a tendency to increase. 
At the present writing the Lujane plant proper 
comprises three electric generators rated at 
275 kw., which operate three high speed en- 
gines; two straight line and one cross com- 
pound steam driven compressors with a total 
capacity of 1,600 cubic feet of free air per 
minute, and boilers of 500 H. P. capacity. In 
this end of the tunnel are installed suitable 
pumps, a 75 H. P. air hoist, two 25 H. Pp. blow- 
ers, and three electric mine locomotives, with 
a large number of 1% yard dump cars. A 
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number of air-driven coal augers are also in 
use. 

At River Portal the plant comprises the fol- 
lowing machinery: One 1,000-foot straight 
line compressor, and one cross compound, two- 
stage compressor with a capacity of 600 cubic 
feet of free air per minute. The air pressure 
used throughout the tunnel is 100 pounds. 
Two 100 H. P. engines are driven each by a 75 
k. w. 250 volt D. C. generator, and one 55 H. 
p. engine is driven by a “* kw. D. C. generator. 
Steam power is supplied by three 80 u. p. hori- 





Month, 1905 | Mar, April May June 
*Number of 
lineal feet of 53 
7 De . . eeoeeteeee ee eee eeeee 
full tunnel sec- 
tion completed 
Number of 
lineal feet of pares 153 312 165 
heading com- |****** 
pleted. 
Hard Hard Gneis- 
: Schis Schis soid, 
Gootoatont surface | Stn’ “with | hard 
Formation. | Ground Rotten Rotten and 
| Mica Mica dry 





each month for the amount of under-cut drift made, but 
1,000 feet behind the face of the drift. 











Month, 1906 Jan. 

Number of lineal feet of full section 118 
completed. 

Number of lineal feet of heading 126 


made. | 


Pink toa | 

| rotten | 
Granite 

with schist} 

bordering | 

on soft | 

mud | 


Geological Formation, 


zontal tubular high pressure boilers, and one 
100 H. P. boiler. A suitable equipment of 
pumps and condensers is installed. In the 
east tunnel there are in use, two electric mine 
locomotives, an adequate number of dump cars, 
one 50 H. P. hoist with a 3 ft. 6 in. clutch- 
driven drum, and a blower with a capacity of 
5,000 cubic feet of air per minute, which is 
used for ventilating purposes, the air passing 
through an 18-inch sheet iron ventilator pipe. 
Eight Sullivan class UD drills are also in use 
in this heading, five of which are used in driv- 
ing the tunnel and three kept in reserve. 
Thirty-pound rails are used for the tunnel 


TABLE No. I 


TABLE No. 
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track, and the entire length of the tunnel is 
lighted with 16-candle-power electric lamps, 
with arc lights in the headings. 


LABOR AND LABOR CONDITIONS. 


The camps at River Portal and Lujane are 
notably well equipped and well built, both from 
a sanitary point of view and for the comfort 
and entertainment of the employes. There are 
a few tent houses, but most houses are board- 
ed, and both the sides and roofs are covered 
with roofing paper, which makes a house warm 





July 

















| August Sept. Oct. Nov. Dec 

252 384 355 228 225 181 
Gray | Rock 

Geneis- | Geneis- — Gneis- | Geneis- ,VOry 
soid soid ee soid soid rittle 
Granite |Granite PYTitiC Granite |Granite With 
Quartz- i . Blue 
ite, Quartz 





*No separate record was kept of the full section of tunnel finished during 1905; full credit was given during 


during some of this time the back roof was as much as 














2 
Feb. March April May June 
184 234 300 , 383 373 
204 236 300 377 381 
Varied to|, Varied Short 
Hard avery |from hard] grain and } 
Mica hard | Granitic [tough very| _ Pink 
Schist | Granitic | @neiss to! hard to’ | Granite 
| Gneiss Pink drill 
Granite 











in winter and comparatively cool in summer. 

Each camp is equipped with a small but 
complete hospital in charge of a competent 
force of trained nurses. All houses are light- 
ed with electricity and connected with a town 
water supply. <A well-organizéd commissary 
is operated by the government, also a large 
boarding house, provided with a large, roomy, 
well-ventilated sanitary kitchen, where the un- 
married men are given board. Besides all 
these necessaries of life, the government also 
provides a large, well-lighted and ventilated 
reading room, a town hall where entertain- 
ments, dances and concerts may be held, and 
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also a billiard room. The streets are kept 
thoroughly clean, and quite a number of the 
family houses have small grass plots and 
flower gardens in their door yards. 

The writer wishes to express his obliga- 
tions to Mr. I. W. McConnell, the construct- 
ing engineer in charge, for the courtesy and 
assistance rendered in obtaining the necessary 
data for this article, also for the favors ex- 
tended by members of his engineering staff. 








DERRICK FOR DUMPING CARS, RIVER PORTAL. 


TURBO-BLOWERS 

In a paper recently presented at a meeting 
of the British Association for the Advance- 
ment of Science by Gerald Stoney, on the sub- 
ject of “Recent Advances in Steam Turbines 
—Land and Marine,” the author described the 
development of the steam turbine for driving 
rotary air compressors of the turbine type, 
which are now being used largely for blowing 
blast furnaces. The advantages gained are 
light weight, small foundation, small con- 
sumption of oil and above all, high economy 
of steam over the reciprocating types of blow- 
ing engines. The outfits described are gen- 
erally for about 20,000 cubic feet of free air 
per minute, and a pressure of ten to fifteen 
pounds per square inch. A slightly different 
type is made for about 30,000 cubic feet per 
minute, at about one pound per square inch 
pressure. These blowing equipments are being 
used in several large iron works for dealing 
with the waste gases from furnaces and for 
driving these gases through the recovering 
plant, etc., an important feature being that 
they do not clog with tar and other matters. 
Since it is nearly impossible to use econom- 
ically low-pressure steam at about atmospheric 
pressure in a reciprocating engine, the exhaust 


steam turbine becomes an important factor in 
those cases where there are non-condensing 
engines and other sources of exhaust steam. 





A NEW ROTARY AIR COM- 
PRESSOR 


It will probably be of great interest to users 
of compressed air to know of a new air com- 
pressor which, although the pistons recipro- 
cate in the cylinders, might be termed a ro- 
tary compressor. The rapidly increasing use 
of compressed air, due to the development of 
new applications and to the improvements in 
air motors and air tools, has brought out a 
large number of compressors, nearly all of 
which, however, are of the same general de- 
sign and construction. Anything new, there- 
fore, in air compressor design, is of more than 





VALVE REMOVED FROM THE SHAFT. 


ordinary interest, and we believe our readers 
will be pa*ticularly interested in a new type 
of machine which is illustrated by the accom- 
panying cuts. This machine has many ad- 
vantages over the prevailing reciprocating type 
as will be seen from the general construction 
as described below. 

In general outline the machine resembles an 
electric generator. By removing the upper 
portion, the entire mechanism is exposed for 
examination and repair. Where belt power is 
used for driving a compressor, a belt tightening 
sub-base is furnished. This in itself is an ad- 
vantage never before attained in compressor 
work. 

The cylinders are of cast iron completely 
water-jacketed, and are single acting, radiat- 
ing from a hollow steel shaft on which the 
cylinder casting is secured. Each cylinder has 
a single port at its inner end communicating 
with the interior of the shaft. These ports are 
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very large in proportion to the cylinder capac- 
ity, allowing for a large intake volume without 
wire drawing, the shaft being hollow, the in- 
take and exhaust air passing through the valve 
therein contained as below described. 

The cylinders are cast hollow to reduce their 
weight to a minimum and they are packed with 
the ordinary type of snap rings; furthermore, 
they are furnished with projections on their 
inner ends which fill the ports completely, thus 


Mg 









Ni 
N 
Ny 
NY 
N 
74 


\ 


y 








SSs5n 35 


MEK 
] 
De SSssssss 


ZENS 





N 
SASSER 


VZZZZLLI LLL LL 


‘Y 


4289 


The inside of the hollow shaft forms the 
valve seat. The valve is of bronze and is di- 
vided into intake and exhaust chambers by a 
partition. Each chamber has a port at its in- 
ner end and a pipe connection at its outer. 
The valve is anchored to the case, so that as 
the shaft revolves around it, the cylinder ports 
pass over the intake port during the outward 
motion of the piston in the cylinder. At the 
extreme end of the outward stroke intake is 
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making the clearance space only 2 per cent. 
in the smallest sizes of compressors. They are 
suspended at their outer end by wrist pins in 
independent yokes which revolve around a 
bearing eccentric to the shaft bearing on which 
the cylinders turn. 

Ball bearings are used for the main shaft 
and the eccentric bearing, this construction 
being made possible by the fact that they are 
not subjected to sudden strains or shocks, all 
motions and stresses being straight, steady and 
uniform. 
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LONGITUDINAL SECTION OF COMPRESSOR. 


cut off and, as the piston is forced back into 
the cylinder, the air is compressed to approxi- 
mately the receiver pressure, at which time the 
cylinder port passes over the discharge port 
and the air in the cylinder is expelled. The 
different periods of admission, compression 
and discharge are automatically accomplished 
by the revolution of the shaft around the 
valve. The valve automatically seats itself 
because of the pressure on the discharge side 
forcing it against the intake port. Longitudinal 
leakage is prevented by snap rings running in 
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grooves in the valve. 

The cylinders are thoroughly water-jack- 
eted and, on account of the multiplicity of 
single acting cylinders, a much greater cooling 
surface per cubic foot capacity is obtainable 
than in the ordinary double-acting type of 
compressor. This, of course, greatly increases 
the efficiency. 

An idea of the simplicity of this machine 
may be acquired by glancing at the following 
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being mounted on special foundation. The 
large intake and port areas in proportion to 
the piston speed and capacity, the mechanically 
operated valve and perfect balance make high 
speed possible without loss in efficiency and 
economy. This permits of direct connection to 
electric motors, high speed gas engines or the 
rotary steam motors manufactured by the 
same company who make the compressors. 

It will be readily apnreciated that this de- 


\ “A= 


FIG. 2. 


complete list of parts which go to make up 
any size of this compressor: 

Case, bottom; case, top; 8 cap screws; I 
shaft with cylinders; 4 pistons; 8 yokes; 4 
wrist pins; 2 bearings, shaft; 2 bearings, ec- 
centric; 1 drain cock for oil; 2 water connec- 
tion bolts (hollow) ; 1 valve; 2 anchor screws 
for valve; 2 water rings; 1 sub-base complete. 

Other important advantages possessed by 
this compressor are its light weight and per- 
fect balance, enabling it to be operated without 


COMPRESSOR WITH TOP OF 





CASE REMOVED, 


sign is equally applicable to pneumatic motors 
and vacuum pumps, both of which are included 
in this line of apparatus. 

At the present time these machines are man- 
ufactured in capacities of from 1 cubic foot 
of free air per minute to 150 cubic feet. Fur- 
ther information may be obtained regarding 
their design and construction from the manu- 


- facturers, The Roteng Engineering Company, 


299 Broadway, New York. 
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effected when the air is initially at its 
critical pressure of about 40 atmospheres, 
and is cooled by the circulation around it of air 
which has been cooled by expansion, but to no 
great extent. An arrangement described by 
M. G. Claude in Comptes Rendus is this: A 


tube is connected with two liquefiers and an 


ee of air is advantageously 


COMPRESSED AIR* 
Its Production, Transmission and 
Application 
By Lucius I. WIGHTMAN. 
If there is truth in the saying that old age 


commands respect, compressed air certainly 
has strong claims for respectful consideration, 





BELT DRIVEN COMPRESSOR MOUNTED ON BELT TIGHTENING SUB-BASE, 
As a guide to the weights and sizes, the 12 cu. ft. machine weighs 225 lbs. complete with sub- base andiruns at™6s0 


r.p.m. The floor space is 17’ x 21’ 


expanding chamber; compressed air is led into 
this, some going to fill the liquefiers and the 
remainder passing into the chamber, where it is 
expanded to fall only to about 160 deg. Cent., 
passing then round the first liquefier wherein it 
produces liquefaction at 140 deg., to which tem- 
perature it rises itself, then passing on through 
a second similar expanding chamber, whereby 
it again falls to 160 deg., afterwards circulat- 
ing round the second liquefier and acting on it 
as before, and finally passing away round the 
inlet tube and so cooling the entering com- 
pressed air. By this method 850 c.cm. of liquid 
air have been obtained per h.p. hour. 


’ and total height to top of eye bolt 22’ 


for its past reaches far beyond the beginnings 
of recorded history. It is not a great stretch 
of the imagination to picture the primeval 
savage, in a canoe hewn from a log with a 
stone axe and shaped with the aid of fire, sail- 
ing over the streams and inlets of prehistoric 
lands under the impulse of the wind caught in 
a rude sail of skins stretched on a crude 
wooden framework. But this is a practical age 
and this is a company of very practical men; 
and in such a place these imaginary pictures 
have no place. 





*Abstract of paper read before Engineers Society of 
Western Pennsylvania. 
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Coming now to facts, there can be no doubt 
that air compressed in some degree found 
practical application in the very earliest ages 
of man’s history. The reduction of metals 
from their ores was one of the earliest arts ac- 
quired by mankind; and the blast furnace 
must have been the basis of these processes. 
Just what form these primitive compressors 
had must be very largely a matter of con- 
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power development. The earliest authentic 
records of compressed air are found in the 
“Spiritalia” of this old philosopher. He him- 
self must have had some means, other than the 
common bellows, for producing the pressures 
required in operating “Hero’s Fountain,” 
which is a feature of all the text books on 
physics. 

The priests of ancient Egypt largely owed 





MOTOR DRIVEN ROTENG COMPRESSOR; WATER COOLED; 650 R.P.M. 


jecture. But no doubt their prototypes are 
found in the appliances still used by savage 
tribes. Among these may be mentioned the 
“wind bag” of skin, trodden by the feet, and 
the wooden box and movable piston, the orig- 
inal of the modern air compressor; and the 
simple, modest little bellows of the fashionable 
fireside of to-day is doubtless but little differ- 
ent from those used on the hearths of the most 
ancient homes. 

Heron—or Hero—of Alexandria may per- 
haps be considered the individual pioneer in air 


their sway over the credulous people to their 
understanding of the more elementary proper- 
ties of air. Their supernatural phenomena— 
so-called—are easily explained to-day by the 
most simple laws. The miraculous opening of 
the temple doors when a fire was lighted on 
the altar was caused simply by the expansion 
of a volume of air under the heat of the altar 
fire, this expanded air displacing water from 
a tank into a suspended bucket, so connected 


‘by rollers and cords as to open the doors by 


its weight. When the fire went out, the doors 
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closed—most supernaturally, to be sure—by a 
reversal of this process. By the same means 
did the famous statue of the god Serapis move, 
on proper occasions. And the awe-inspiring 
vocal statue of Memnon at Thebes owed its 
divine voice to the expansion and contraction 
of an air volume under the heat of morning 
and the cool of evening. 

Hero himself—probably the first “hot air” 
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seems to be lost. It reappears again in the 
writings of Lord Bacon, who describes a diving 
bell. Then come the records of achievement 
of Halley, Smeaton and Brunel, in England, 
and Von Guericke in Germany. Papin, about 
1653, devised a compressed air system in- 
volving compression in a water-wheel-driven 
pump and transmission through a tube to a 
distance.. He also experimented with a pneu- 





50 CU. FT. PORTABLE STEAM DRIVEN ROTENG COMPRESSOR DIRECT CONNECTED TO ROTENG ENGINE; 
550 R.P.M. 


artist—knew of a means of compressing air 
by the fall of water in a tube—a precursor of 
the modern hydraulic compressor. Pliny later 
mentions a similar device. Ctesibius, a famous 
Alexandrian engineer of about 120 B. C.,, in- 
vented “wind guns” capable of discharging 
projectiles. To him must be awarded the palm 
as the first to produce and apply high press- 
ures. 

But these are historic curiosities. Passing on 
rapidly, in the darkness of the early Christian 
era and of the Middle Ages, compressed air 


matic parcel dispatch. His attempts failed 
through ignorance of the fundamental phy- 
sical properties of air. 

The latter part of the eighteenth century 
and the early part of the nineteenth mark the 
real birth of air power. During this period 
Medhurst, the ~reat Danish engineer working 
in England, laid the foundations of present 
pneumatic practice. He produced and trans- 
mitted pressures of more than 200 Ibs., and ap- 
plied them in motors; he developed a prac- 
tical, though not economical, system of pneu- 
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matic dispatch for parcels and persons; he 
built the first pneumatic automobile in 1800; 
and he otherwise contributed richly to pneu- 
matic science. Compressed air as a distinct 
and recognized branch of engineering may be 
said to date from this period; and under the 
mechanical renaissance of this time, develop- 
ments were rapid. The experiments of this 
time foreshadow, in diversity and daring, the 
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system of stage compression with intercooling. 
But he lost a splendid opportunity to win an 
immortal name in science by his failure to de- 
velop his ideas; they lay dormant for almost 
half a century. The great Alpine tunnels of 
the early 70’s gave a tremendous impulse to 
pneumatic development. Sommeiler, on the 
Mont Cenis bore, used hydraulic compressors. 


Later developments in this tunnel work 





GASOLENE ENGINE DRIVEN ROTENG COMPRESSOR; 650 Rk. P. M. 
great achievements of to-day. 
motives and motor cars were built and oper- 
ated. Pneumatic dispatch svstems achieved a 
practical success in London in 1845. America 


Pneumatic loco- 


was not behind the old world; and Dr. Gorrie, 
of New Orleans, built the first refrigerating 
plant in 1850 and laid the principles upon which 


rest the tremendous refrigerating systems of © 


to-day. 
Mann, in 1829, suggested and patented a 


brought water piston compressors, with in- 
jected jets or sprays for cooling; and pneu- 
matic locomotives were used for haulage in 
these great bores. The Hoosac tunnel in 
America first brought the pneumatic rock drill 
into prominence; and since that time the 
genius of Burleigh, Ingersoll, Rand, and Ser- 
geant has produced the modern rock drill— 
probably the greatest single epoch-making de- 
vice, after the steam engine, in history. 
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This historical sketch, brief as it is, is con- 
vincing proof that compressed air has a le- 
gitimate claim to dignity and consideration. It 
has ceased to be a novelty; it has passed the 
experimental stage. It is to-day a recognized 
industrial necessity, firmly established as one 
of the accepted indispensable factors in modern 
progress. 

Compression, or an increase in the density of 
a body of air, is invariably accompanied by an 
increase in temperature. This increase in tem- 
perature is wholly independent of the rate or 
means of compression. It is a phenomenon 
inherently characteristic of the compression 
process ,and is the direct result of an increased 
molecular activity in the air. The temperature 
attained is a function of the degree of com- 
pression; but the factor is not a constant, 
being largest in the early stages of compres- 
sion and decreasing as the higher pressures are 
approached. It is a fundamental law of physics 
that the production of heat demands an ex- 
penditure of power; and the power consumed 
in producing heat in air compression is lost, 
so far as the inherent economy of compression 
is concerned. But in actual practice, this heat 
might be made use of. In one notable air 
power plant, the heated water from jackets 
and intercooler was led to the feed-water 
heater and in this way there was at least a 
partial recovery of the lost energy. The de- 
gree of heating of jacket water depends largely 
upon its rate of flow over the heated surfaces ; 
and if any attempt is made to use this heated 
water for boiler feed, there is a fine problem in 
determining the exact point beyond which the 
economy ceases to be a virtue. For in a desire 
to secure hot jacket water, the efficiency of 
compression may be sacrificed. 

This heat of compression is productive of 
other evils which can—in degree at least—be 
obviated; and the efforts of compressor de- 
signers have from the very first been directed 
toward this end. In the path of every pneu- 
matic engineer loom two guide posts; the 
one points the way to economy, and success— 
the other marks the path to disappointment and 
failure. The first is isothermal compression— 
the second is adiabatic compression. 

Isothermal compression is a visionary pro- 
cess in which the heat developed in compres- 
sion is removed as fast as produced and is, 
therefore, harmless. It would be a realization 
of Boyles’ law, in the expression of which— 
P; V:i—=P2 V2=K the factor T does not ap- 
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pear. Though the best air compressors of to- 
day closely approximate its values, isothermal 
compression cannot be fully realized, for a per- 
fect cooling system is not known and, so far as 
can be seen at present, never will be. 

Adiabatic compression, on the other hand, is 
a grim and forbidding reality—a compression 
process in which all of the heat developed is 
retained. It represents the two Primary Laws 
of Gases in combination; and its expression, 
involving the three variables of pressure, tem- 
perature, and volume, is as follows: 

P, Vi (T.+459.2)—P2 V2 (T:+-4590.2). 

There is a slim consolation to be derived 
from the fact that adiabatic compression, too, 
cannot be wholly realized; for no perfect heat 
insulator is known. But this fact brings more 
sorrow to the heart of the scientific investi- 
gator than to the practical engineer. 

Assuming for a moment that it were pos- 
sible to compress a volume of air isothermally, 
and remembering that the product of pressure 
and volume under this condition will remain 
constant, it is seen that when the original 
volume has been reduced one half, the pressure 
attained must, therefore, be twice the original. 
But practice rudely shatters these theoretical 
assumptions. For, as a matter of fact, it is 
found that the pressure is doubled before the 
volume is reduced one half; and a very de- 
cided rise in temperature is noted. Consider- 
ation of these facts rorces the conclusion that 
a part of the work of compression was ex- 
pended in producing the rise in temperature 
noted; and furthermore, it becomes painfully 
evident that this heat increment of work is, so 
far as the compression process is concerned, 
wholly lost. In other words, when the air 
during compression is allowed to heat itself, 
more power is required to produce a given 
volume at a given pressure than would be ne- 
cessary if it were possible to keep the air cool 
throughout the process. In the first case, there 
would be adiabatic compression; in the second, 
isothermal compression. This is a very brief, 
very elementary statement of the phenomena 
which give rise to the problems which have 
confronted the designers of the modern air 
compressor. 

It will have been seen from the foregoing 
brief discussion that the fundamental problems 
of pneumatic science are thermo-dynamic in 
character. The production of heat in com- 
pression is unavoidable. The solution of these 
basic problems, therefore, lies in the removal 








4296 


or neutralization of this heat of compression 
before it can have any effect on the air volume. 
This cannot be done completely, since no per- 
fect and instantaneous cooling device is known. 
Scheme after scheme has been tried and found 
wanting, until to-day two general systems 
alone survive and are accepted by the designers 
of compressed air machinery. In combina- 
tion, they attain the nearest approach to the 
ideal which, as has been seen, is isothermal 
compression. 

First of these two—by right of seniority if 
not of effectiveness—stands jacket cooling. 
The barrels and—in the best air compressors— 
the heads of the compression cylinders are sur- 
rounded by a water space or jacket through 
which an adequate supply of cold water circu- 
lates, the waste water carrying away that por- 
tion of the heat of compression which is con- 
ducted from the air volume through the metal 
walls. A possible use of this heated water 
has already been suggested. Water jacketing 
is useful, but not adequate. It is useful; first, 
because it prevents the cumulative effects of 
the heat of compression which would quickly 
destroy all lubricants and result in injurious 
expansion strains in the metal of the machine; 
second, because it keeps the temperature of 
the air admission passages and valves low, 
thus admitting cooler air to the cylinder—and 
every reduction of 5° in intake temperature is 
equivalent to an increase of 1% in compres- 
sion efficiency. Water jacketing is not ade- 
quate; first, because air is a poor heat con- 
ductor and though the outer film in contact 
with the cylinder walls is cooled, the heat 
from the interior of the air volume remains; 
second, because the advancing piston contin- 
ually covers up more and more of the cylinder 
walls and the cool area exposed is continually 
reduced until, just when the highest temper- 
ature is attained at point of discharge, only a 
small fraction of the total cooling surface is in 
contact with the compressed air. The jacket- 
ing of cylinder heads as well as barrels in the 
best compressors of to-day improves but does 
not wholly obviate this defect. 

The second accepted system of cooling is that 
secured by stage compression. In this ar- 
rangement, instead of being confined to a single 
cylinder (or parallel duplex cylinders), the 
compression process is subdivided between two 
or more cylinders. In the first and largest, air 
at atmospheric pressure and temperature is ad- 
mitted and compressed to a moderate pressure 
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and temperature. This compressed air is dis- 
charged into an intercooler where its temper- 
ature is reduced, by circulation over and con- 
tact with water-cooled surfaces, to almost that 
of the cooling water—perhaps really lower than 
atmospheric temperature. From the _inter- 
cooler, this cool and moderately compressed air 
enters a second cylinder and is compressed to 
a higher pressure. In a two-stage compressor, 
this completes the process; in three and four 
stage machines, the process is continued in a 
third, or a third and fourth, cylinder. Cor- 
rect design so proportions the cylinder diam- 
eters that the load on all pistons is equal and 
the maximum temperatures in all cylinders 
should under such conditions bé approximately 
the same, since this is a function of the num- 
ber of compressions and not of the initial 
pressure. 

It may be said in passing that in the early 
days of pneumatic science a third system of 
cooling was tried—the injection of water in a 
spray into the compressing cylinder in front of 
the piston. It may be interesting to note here 
that this was one of the first types of com- 
pressors built by the Ingersoll Rock Drill 
Company—one of the originals of what is now 
the Ingersoll-Rand Company; and some of 
these old machines are still in use today and 
doing good work. Their compression economy 
was as high as, if not higher than, that of the 
most refined modern types. But they were 
costly machines. The presence of water in the 
cylinders enforced a low piston speed and, to 
secure any great capacity, a machine so large 
was required as to offer serious objection to 
their wide adoption. Moreover, the proper 
regulation of the injection of cooling water 
under varying loads was a delicate problem. 
Practical difficulties were found to more than 
offset their high efficiency, and the type was 
discarded. 

Returning to the question of stage compres- 
sion, the success of the multi-stage system of 
air compression depends more upon the effi- 
ciency of the intercooler than upon any other 
one thing. For the primary object of stage 
compression is the reduction of the power re- 
quired. There are other advantages which 
will be mentioned later, but at this point a 
comparison of the gains by compounding will 
show strikingly the economical advantage. As 


sume a volume of 100 cubic feet of free air 


which is to be compressed to a pressure of 100 
Ibs. gauge. Were perfect isothermal com- 
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pression possible, this would require 13.17 
horse power to accomplish the work indicated. 
Average single stage compression, which may 
be considered as practically adiabatic will call 
for 18.0 horse power. Two stage compression 
will demand 15.4 horse power ; three stage, 14.6 
horse power ; and four stage, 14.2 horse power. 
As compared to isothermal, then, the efficiency 
of single stage compression in this case is 
73.2% ; of two stage, 85.5%; of three stage, 
90.2% ; and of four stage, 92.7%. These are 
purely theoretical considerations. As a matter 
of fact, two stage compression should be used 
in this case. For, while theoretically there is 
undeniably a higher saving in three and four 
stages, the added complication of design in the 
increased number of cylinders, valves and 
working parts, with complex coolers, might so 
increase frictional losses as to offset the gain; 
and it would certainly add to cost of mainte- 
nance. 


The experience of the best builders of com- 
pressors has determined the following limits 
for pressures in different stages; single stage, 
up to 100 Ibs.; two stage, 75 to 500 lbs.; three 
stage (straight line), 500 to 2500 lbs.; three 
stage (duple&), 500 to 1500 Ibs.; four stage, 
500 to 3000 lbs. The real difference in econ- 
omy between three and four stage compression 
is often so small as to make a choice difficult. 
As a general rule, it may be said that three 
stage straight line compressors should be used 
for comparatively small capacities; for moder- 
ate and large air capacities, its balanced feat- 
ures and its ready adaptability to steam com- 
pounding recommend the duplex type. A three 
stage duplex will still require four cylinders, 
hence the process might as well be divided into 
four stages, with no increase in working parts. 


The design of these high pressure machines 
offers peculiar difficulties. While the temper- 
atures attained are not excessive, the great re- 
duction in volume has made the problem of 
adequate cooling unusually difficult., But be- 
fore considering this specific phase of the sub- 
ject, it will be well to take up the general sub- 
ject of intercoolers. 

The successful intercooler, looked upon 
simply as a heat-removing element, involves 
several important considerations. It must 
provide for a very complete subdivision of the 
air volume, that internal heat may be dissipated 
with as little reliance as possible upon the heat- 
conducting properties of the air itself. It 
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must present an adequate cooling surface to 
this subdivided air; and it must provide for 
a circulation of cooling water not only rapid 
and free, but also properly directed in relation 
to the flow of air. The first two considerations 
are met by the same means, viz., by the use of 
a nest of tubes through which the water flows, 
and over, about and between which the heated 
air circulates. Properly disposed baffle plates 
enforce the travel of the air back and forth 
across, instead of merely along, these tubes. 
The air must be outside, not inside, the tubes; 
otherwise each tube will contain a column of 
air, only the outer film of which will be 
cooled, the interior retaining its heat. The 
third consideration is met by causing the air 
to flow in the onnosite direction to the water. 
This is found to give higher efficiency and 
greater rapidity of heat absorption. A fourth 
consideration ought also to be mentioned, as 
effecting the thermal efficiency of the inter- 
cooler. This is the necessity for ample cross- 
section in the intercooler passages, that the 
travel of the air may be slow and the contact 
with cooling surfaces prolonged. Some mod- 
ern compressors, while having plenty of cool- 
ing surface, have the tubes so closely bunched 
and the intercooler shell so small that the air 
velocity in transit destroys the thermal ef- 
ficiency. 

Considerations merely mechanical in the cor- 
rect design of an intercooler are none the less 
important. Expansion and contraction must 
be provided for; otherwise there results 
either a leakage of air and a proportionate 
waste of power, or a leakage of water into the 
air chamber, which may be carried over into 
the next cylinder. This suggests a very im- 
portant point, viz., the proper drainage of the 
intercooler. The lowering of the temperature 
of the air condenses the entrained moisture. 
If this is not removed at proper times, it will 
accumulate over the lower tubes, reducing the 
cooling area as well as the air passage. But 
the greatest danger is that this accumulation 
of water will be caught in the sweep of air 
and carried over in a mass into the high 
pressure cylinder; and a_ broken cylinder 
head, bent piston rod, or other disaster will 
result. 

Evidently such an intercooler as has just 
been described, while perfectly suitable for 
two stage compression, or even three where 
the air volume is large, is not practical with 
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the small air volumes involved in the later 
stages of high pressure compression, particu- 
larly in machines of small capacity. But long 
experience and good engineering have solved 
the problem with success. The method adopted 


is the complete submersion of the intermediate _ 


and high pressure cylinders in water boxes 
filled with circulating cold water. In this way 
every inch of metal exposed is a cooling sur- 
face; valve caps, air heads, ports, and cylin- 
der walls—all are kept cool, while intercylinder 
cooling is secured by novel devices. It will be 
enough to describe one which experience and 
careful test have shown to be most effective 
and efficient—the “annular space” intercooler. 
It consists of two concentric metal cylinders, 
as thin as the pressure will permit. Their dif- 
ference in diameter is such as to leave a thin 
annular space between them, through which 
the heated air from the intermediate cylinder 
must pass, spreading out in a thin film between 
two cold metal walls. The coldest entering 
water is discharged in the interior of the inner 
cylinder, and flows thence into the water box 
in which the intercooler, as well as the com- 
pression cylinders, is immersed. The discharge 
pipe from the intermediate cylinder to the in- 
tercooler is entirely submerged, itself acting in 
some degree as a cooler. 

High pressure compressors are no longer 
“freak” machines, unreliable and largely ex- 
perimental. The increasing use of high press- 
ure air has demanded a solution, once for all, 
of the problems of high pressure compression; 
and the pneumatic engineer has been equal to 
the task. The best thousand pound pressure 
compressors of to-day are as reliable, as effic- 
ient, as thoroughly “standard,” as the lower 
pressure machines. 

It was mentioned earlier in this paper that 
there were other advantages than increased 
economy to be gained by compound or stage 
compression. They are well worthy of con- 
sideration in their effect upon ultimate econ- 
omy and will be briefly discussed here. 

The mechanical structure of a machine must 
be adequate to the maximum strain upon it. 
This predetermines the minimum amount of 
material in it. But the endurance of that ma- 
chine depends upon its factor of safety; and 
good design demands that this be kept large, 
with the minimum amount of metal used. In 


other words, while the maximum strain must. 


be provided for, the average strain must be 
kept well below the maximum, if the machine 


is to operate well under long and continuous 
service. Compound air compression reduces 
the structural strains in the compressor, re- 
sulting in a higher factor of safety and longer 
life for the machine, with a given weight of 
metal. -In a single stage compressor, the piston 
starts against no resistance but rapidly builds 
up a pressure to terminal maximum; and this 
1s maintained until it is instantly relieved by 
the opening of the intake valves. A 24-inch 
piston compressing to 100 lbs. gage, single 
stage, encounters a total resistance of 45,239 
lbs. or nearly 23 tons; and at gor. p. m. this 
is encountered and relieved 180 times each 
minute. It will take the best of metal and 
plenty of it to stand up under such service as 
this. But let this same work be done in two 
stages. The maximum pressure on the low 
pressure piston will depend upon the cylinder 
ratios. The pressures in the high and low 
pressure cylinders will, moreover, partially 
balance and equalize; and it is found that as 
a matter of fact, the maximum strain in the 
machine is reduced to only §5 or 60 per cent of 
the maximum in single stage compression—in 
the example cited, from 4140 “ton minutes” to 
2277 or 2484 “ton minutes.” These are im- 
pressive figures and suggest almost unlimited 
possibilities in the way of improved operation 
and longer life. This difference in pressures 
is felt not only in the machine structure, but 
also in the valves, which must always be con- 
sidered the most vulnerable, as well as most 
vital, detail of the compressor. But—and here 
is a vital point too often overlooked by the 
designer—this maximum strain of 4140 ton 
minutes must still be provided for in the 
machine structure. For the momentary failure 
of cooling water supply, or the breaking of a 
high pressure discharge valve may at any 
moment throw this full high pressure load on 
the low pressure cylinder. When this happens 
in a compressor designed only for compound 
strains, there is nothing to be done but sit 
down and figure the damages. The engineer 
or manager contemnlating the purchase of a 
compound compressor will do well, when it 
comes to a comparison of prices, to figure the 
comparative costs per unit weight; and, other 
things being equal, he should give his order to 
the builder of the heavier machine, whose 
price, figured on this basis, will not seem so 
unreasonablly high. But there are, unfor- 
tunately, builders who, alive to this fact, give 
list weights on their machines higher than 
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strict honesty would permit; and the only 
safety for the buyer is in the insertion of a 
penalty clause in his contract, based on the 
actual net weight of the compressor. This 
will protect him against over-enthusiastic and 
imaginative manufacturers. 

Another advantage of compound compres- 
sion lies in the improved steam economy if the 
machine ‘is steam driven. The gonditions 
just cited in the previous paragraph explain 
this. It was seen that the terminal strain on 
the machine, and therefore the terminal power 
required, was reduced by compounding 55 to 
60 per cent. Manifestly this permits a lower 
mean effective pressure in the steam cylinder, 
secured by a shorter cut-off, since the power 
required at the end of the stroke is so much 
reduced. More of the work of “passing cen- 
ter” may be entrusted to the energy of the fly- 
wheel, instead of being provided for by a late 
cut-off. The mechanical features already men- 
tioned permit also a higher piston speed, im- 
proving the steam economy by reducing leak- 
age and condensation losses. 

Compounding the compressor also has an 
important bearing on the volumetric efficiency 
of the machine—a fact which is due to three 
causes. As effecting volumetric efficiency, the 
clearance in only the low pressure or intake 
cylinder need be considered. In the single 
stage machine, clearance air at end of stroke 
may be at a pressure three or four times that 
which exists in the intake cylinder clearance 
of a compound compressing to the same pres- 
sure; and on expansion it will occupy a pro- 
portionally larger portion of the cylinder, be- 
fore free air can enter. Further than this, the 
terminal temperature is lower in the compound 
intake cylinder than in the single stage. Cylin- 
der heads and walls, valves and ports are thus 
kept cooler, and the incoming air is not so 
much heated. Further, leakage past pistons 
and valves is less in the compound than in the 
simple machine, since the difference in pressure 
is less. 

At this point a slight digression may be per- 
mitted. The indicator diagram of an air cylin- 
der is a reasonably accurate record of 
pressures; but it is wrong to base any es- 
timate of volumetric capacity upon the air card. 
When the inlet valves open, air rushes into the 
cylinder and fills it. If the air enters through 
heated ports, it is itself heated and expanded— 
and the volumetric capacity of the compressor 
is accordingly reduced. There is too pro- 


nounced a tendency toward valuing a com- 
pressor by the card it shows. This is but one 
of the ways in which an apparently excellent 
card may in reality hide a true state of affairs 
directly opposed to high economy. 

It may be almost unnecessary to suggest the 
advantage of compounding in its relation to 
improved lubrication and, to this extent, in its 
effect upon the life and operation of the com- 
pressor. The terminal temperature in a cylin- 
der being a function of the number of compres- 
sions in that cylinder, the high temperatures 
of single stage compression may result in the 
charring of the lubricant into a gritty or gum- 
my substance which, accumulating in valves 
anl passages and on cylinder walls, results in 
excessive friction, added power and lowered 
efficiency by leakage. 

Still another gain by stage compression is in 
the dryer air delivered by the compound ma- 
chine. It developed in the discussion of the 
intercooler, that that device, properly de- 
signed and drained, was an effective dryer and 
moisture trap. But it is only one link in the 
system of withdrawing water entrained in the 
air. The importance of removing the moisture 
from compressed air is becoming more general- 
ly appreciated under the present tendency to- 
ward larger units, and longer and more com- 
plex air transmissions. In long pipe lines 
carrying large volumes of air, moisture, if 
present, will accumulate in the low places in 
the line and will ultimately fill the pipe, shut- 
ting off the passage until the air pressure 
forces the water up and overcomes the resist- 
ance. The writer, in going over the pipe line 
of a large contract plant in Pennsylvania, was 
attracted by a periodical rush of water through 
the 8-inch pipe. Following the line to the 
next low place, he found a I-inch drain pipe. 
Opening this, it took eight minutes by the 
watch to draw off the accumulated water, 
which had been rushing up and flowing back 
repeatedly. Yet he was assured by the fore- 
man that that place had been drained less 
than two hours before. The plant in question 
was made up of single stage compressors, with 
no coolers whatever. Aftercoolers would have 
prevented this trouble. 

_Now, this illustrates a point of vital im- 
portance in its bearing upon transmission line 
efficiency. Going further, to the machine 
using the air, it is unnecessary to dwell upon 
the trouble and delay caused by the freezing 
up of exhaust ports, due directly to the pres- 











4300 COMPRESSED AIR. 


ence of moisture in the air. Occasionally the 
builders of compressed air machinery meet a 
situation which forces them to the belief that 
the real cause of freezing at drills and air 
motors is not fully appreciated. There is often 
a mistaken idea that it is the atmospheric 
termperature which causes this. On the con- 
trary, the writer has seen rock drills freeze 
tight at midday in the torrid August sun of 
central New Mexico. The fact of the matter 
is that the cold is produced directly by the 
expansion of the exhaust air. It was seen that 
the compression of air, by a molecular action, 
produces heat. The exact reversal of this 
molecular action, in expansion, produces cold. 
Naturally the trouble is exaggerated in winter 
weather. But if the moisture is removed from 
the air before expansion, no air motor can 
freeze up however high the degree of expan- 
sion, for the very simple reason that there is 
nothing to freeze. In a great quarry plant of 
northern Ohio, rock drills are operated in the 
open air with the thermometer far below zero, 
with not even a suggestion of vapor at the ex- 
haust. But the compressor intercooler is not 
wholly adequate to this problem of air drying. 
At best it can remove only a part of the 
moisture in the air. There must be some fur- 
ther arrangement for air drying; and this 
leads naturally to a discussion of aftercoolers. 

The aftercooler is in essentials identical with 
the intercooler. Its efficiency is determined by 
the same conditions; in fact, in compressors 
of duplex type, the intercooler and aftercooler 
may be identical in design and capacity. Aside 
from removing the evils of water in the trans- 
mission line, with increased frictional resist- 
ance and liability to freeze up in winter; and 
aside also from avoiding the trouble with 
“frozen” air motors, the use of an aftercooler 
is important in its effect upon the life and 
operation of the motors themselves. Water 
js not a good lubricant; equally axiomatic is 
the fact that oil and water will not mingle. 
The actual fact is that the delivery of water 
to a drill or other air motor washes out the 
lubricant, increasing the wear and reducing 
its effectiveness. Especially true is this in the 
case of pneumatic tools, where a light lubri- 
cant is used. The use of moist air in an ex- 
pansive engine is practically impossible—a fact 
largely responsible for the ill-repute of the 


air motor. Complete aftercooling makes this- 


possible in many cases. 
Of value no less important in the air power 


system is the effect of aftercoolers upon the 
transmission line efficiency. Nothing will de- 
stroy air plant efficiency more quickly and ef- 
fectively than a leaky pipe line; and nothing 
is so conducive to a leaky line as wide extremes 
of temperature, with consequent large strains 
of expansion and contraction. Without an 
aftercooler, air from the compressor enters 
the pipe line hot; the line itself is cold. 
There is an immediate expansion which ex- 
tends along the line with continued operation. 
Now, when the air plant is shut down—prob- 
ably at night—there is a corresponding con- 
traction all along the line. There needs no 
voice from the tomb—or elsewhere—to dilate 
upon the resultant difficulty in keeping tight 
joints and preventing leakage, even with the 
best mechanical precautions in the line. The 
aftercooler is not a luxury; it is an economical 
necessity in the high-grade air power plant. 

The Cleveland Stone Company, at their 
quarry at North Amherst, Ohio, have an air 
power plant which is probably without a peer 
as an example of refined pneumatic engineer- 
ing. The transmission lines in this system 
aggregate miles in length and the power is 
used in drills, channelers, pumps, hoists, mill 
engines and steam shovels. While reheating 
is now employed on all but the drills, it was 
not originally used; yet the engines were for 
some time worked on short cut-off, and in the 
midst of a cold winter no trouble was ex- 
perienced with freezing of lines or motors. 
The remarkable result is explained by the ex- 
ceptional precautions taken to provide dry air; 
and a brief description of the methods em- 
ployed may not be out of place here. 

In the first place, the air enters the com- 
pressors through “air washers,” which enforce 
its passage downward through tubes and then 
upward in bubbles through a body of cold 
water. This removes from the air the all- 
pervading dust and grit of the quarry, and in- 
cidentally dries it somewhat by lowering its 
temperature and condensing some of the moist- 
ure. Leaving the low pressure cylinder, the 
air passes through an intercooler, thence to 
the high pressure cylinder and thence to an 
aftercooler. From this it goes to very large 
primary receivers from which the transmis- 
sion lines radiate; and at intervals along the 
lines are secondary receivers set below the 
pipe grade. Moisture is first withdrawn from 
the air in the “washer;” and then in turn in 
the intercooler, the aftercooler, the primary 
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receivers, and the secondary receivers. The 
result is the delivery of absolutely dry air to 
the motors and maximum pipe line efficiency 
under all weather conditions, though the lines 
and the machines are all out-of-doors and un- 
protected. 

More remarkable still, the miles and miles 
of pipe line have not a single leak. On the con- 
trary, they hold working pressure over night; 
they were installed under a guarantee to hold 
full pressure for twenty-four hours. Much of 
this, of course, is attributable to fine work- 
manship and studied design, But more than 
these is it due to the uniform temperature 
maintained by the use of efficient aftercoolers, 
with consequent freedom from excessive ex- 
pansion and contraction strains. 

Coming now to consideration of the mechan- 
ical design of air compressors, it is found that 
accepted practice divides these machines into 
two great fundamental classes—straight line 
and duplex. The changes which can be rung 
on variations of these two designs are almost 
infinite. But analysis will reveal a difference 
only in detail. The basic principles upon 
which the designs rest are the same in all. 

The straight line air compressor may be 
considered the pioneer type. The term 
“straight line” is one of the happy expressions 
of mechanical phraseology, for it carries with 
it its own explanation. Its fundamental and 
distinguishing characteristic is the fact that 
power is directly applied to resistance. This 
at once implies simplicity, lack of complication, 
absence of many parts with undue power con- 
sumed in friction. All this results in a ma- 
chine of high mechanical efficiency and re- 
liability under continued hard service. Its 
simple design renders it especially attractive 
for conditions which afford only unskilled at- 
tendance. There can be no more sturdy and 
dependable compressor than the good modern 
straight line. The compressors examined in 
the tests reported above belonged to this class; 
and the figures there set forth show that this 
type leaves little to be gained in volumetric 
efficiency. This is a condition, moreover, which 
is practically constant at all speeds. The main 
difficulty with the straight line compressor de- 
velops in the steam end. 

Variable cut-off steam valves give good 
steam economy at or near normal speed. But 
the inherent characteristic of the design—the 
direct opposition of power and resistance—pro- 
duces conditions which offer serious objections 


to the straight line machine under widely vary- 
ing load. In the cylinders, steam pressure 
falls as air pressure rises; and the flywheels 
must be relied upon wholly to carry the ma- 
chine over dead center. This is all very well 
at high speeds; but reduced load calls for a 
reduced speed, else there will be a total waste 
of power by the escape of air at the relief 
valve. At low speed the energy in the fly- 
wheels is not sufficient to pass the center, if 
the cut-off is short. Cut-off cannot be auto- 
matically varied with load, as in a Corliss 
machine; and to avoid entire stoppage on light 
load, either the cut-off must be lengthened to 
give sufficient power to pass centers, in which 
case there is a waste of steam when the ma- 
chine speeds up under returning load, or there 
must be a fixed point below which speed must 
not fall, in which case there is a blow-off of 
compressed air at all loads below this limit. 
These facts force the somewhat unpleasant 
conclusion that the straight line compressor is 
not economically self-regulating at less than 
35 or 40 per cent. of full load. 

This condition practically forbids the suc- 
cessful compounding of the steam end of a 
straight line. For the high expansion, which 
is the secret of compound economy, only ex- 
aggerates the difficulties at fractional loads. 
The “double-compound” straight line com- 
pressor is practically a constant-speed ma- 
chine, its economical cut-off admitting of no 
variation. At normal speed it gives good 
economy; but underloaded the waste of air 
at the relief valve simply offsets its normal 
advantage. 

But the straight line compressor is not to 
be wholly condemned. It remains to-day—and 
justly so—the most popular machine for plants 
of moderate capacities using moderate steam 
and air pressures and working under fairly 
constant loads. These are the very conditions 
characterizing the majority of cases in which 
compressed air is used; and they are con- 
ditions in which high steam economy is less 
important than moderate cost and thorough- 
going reliability. 

The second great class of air compressors 
is that broadly designated as the duplex type. 
This is not the place for a minute investiga- 
tion of structural strains and theoretical con- 
siderations. For the present purpose it will 
perhaps be best to look at the duplex com- 
pressor as simply two straight line machines set 
side by side and coupled up for mutual assist- 
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ance. Seen in this light, the duplex is found 
to possess all the advantages of the straight 
line, with the addition of some very important 
superiorities distinctly its own. 

The first of these superiorities lies in the 
matter of regulation. Quartered cranks per- 
mit one steam cylinder to help the other when 
it most needs assistance; and, a quarter of a 
revolution later, this favor is reciprocated. The 
arrangement admits of no “dead center ;” and 
a good duplex will run so slowly at highest 
loads as to barely turn over, speeding up in- 
stantly, however, with increasing load. Best 
of all, it does this without any change of cut- 
off; and whether the speed be high or low, 
steam is always used economically. 


But it is as a “double-compound” compressor 
that the duplex stands without a peer; for in 
all probability high steam expansion in com- 
pound steam cylinders will effect a saving 
three or four times that secured in stage com- 
pression. In the first place, either steam or air 
end can be compounded without any increase 
in the number of parts. More than this, the 
reciprocal cylinder arrangement secures the 
full advantage of compounding over the entire 
load range. The fact—peculiar to air com- 
pressors—that the load per stroke is constant 
regardless of speed makes a “double-com- 
pound” air compressor as completely self-regu- 
lating as a simple machine. There will be a 
slightly increased condensation at lower piston 
speeds; but the fact that friction loss is a 
function of the speed and diminishes with it, 
introduces a saving about offsetting the in- 
creased condensation loss at low speed. For 
these reasons the steam consumption of a 
double-compound duplex is very nearly pro- 
portional to its load. 


As compressed air enters more and more 
largely into industrial activities, the size of 
plants and units increases, and the demand for 
economy grows more imperative. It is this 
condition of affairs which is bringing the du- 
plex compressor into ever-increasing promi- 
nence and popularity. It is recognized as dis- 
tinctly the machine for high grade permanent 
plants of moderate or large size, using modern 
high steam and air pressures, operating under 
widely varying loads and under conditions 
which make economy of fuel and water es- 
sential. 


An extended discussion of the subject of air 
compressor valves is out of the question in 


such a paper as this. Volumes could be writ- 
ten upon it. It will be enough here to briefly 
review the essentials of a correct air valve. It 
may be safely left to the intelligence of the 
audience to draw just and adequate conclusions 
as to the merits of any particular valve they 
may have in mind. 


The air intake valve will logically receive 
attention first. Briefly, its functions are, to 
admit the full volume of clean, cold air to the 
cylinder with the least expenditure of power; 
to keep this air in; and to maintain this per- 
formance indefinitely. Analysis of this general 
statement will develop the facts sought. First, 
the valve must admit the full volume of air; 
this demands an instantaneous and complete 
opening, automatically timed to prevent the 
escape of air already compressed, and short, 
direct and unobstructed ports and passages. 
Second, it must admit clean air, calling for a 
design which will admit of connection for 
drawing the air from a place free from dust 
and grit. Third, the air admitted must be cold; 
this is partially met by the arrangement ne- 
cessitated by the second consideration; but 
more than this, the cold air must nowhere be 
heated in transit, demanding valves, ports and 
passages cooled by the jacket water and never 
called upon for the discharge of the hot com- 
pressed air. Fourth, all this must be accom- 
plished with the least possible expenditure of 
power—a condition demanding few parts and 
perfect adjustment. Fifth, this valve must keep 
the air in, calling for automatic and complete 
closing at just the right time, with perfect 
seating to avoid leakage. Sixth, it must main- 
tai this performance indefinitely, hundreds of 
times per minute, demanding simplicity and 
strength, fine workmanship, and the very best 
materials. 


Similarly, the functions of the air discharge 
valve are, to release the full volume of com- 
pressed air from the cylinder with the least 
expenditure of power; to keep it out; and to 
sustain this service indefinitely. This state- 
ment also may be analyzed for the essential 
facts. First, the release of the full air volume 
calls for automatic timing of an instantaneous 
and complete opening, and full, free, direct 
discharge passages. Second, this must be per- 
formed at the least cost for power, necessitating 


_ few parts and proper adjustment, that friction 


may be low. Third, the valve must keep out 
the air it discharged, which means that it must 


" 
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close instantaneously and completely to a per- 
fect seat at just the right time. Fourth, the 
continued maintenance of this performance 
demands simplicity of design, strength of 
parts, materials of the best quality, and fine 
workmanship. 

It will be noted that the essentials of the suc- 
cessful intake and discharge valve are prac- 
tically identical, the only difference lying in the 
necessity for admission of cold air through 
the former. This fact forbids the admission 
and discharge of air through the same pas- 
sages. Furthermore it demands that intake and 
discharge passages shall be separated as far 
as possible. 

It is unnecessary to enter into any extended 
investigation of the steam end of the steam- 
driven air compressor. The best engine prac- 
tice is, broadly speaking, the best compressor 
practice. But there are conditions in air com- 
pression which, in relation to compounding the 
steam end, seem often not to be well under- 
stood. 

When steam cylinders are to be compounded 
it is essential, in order to attain full advan- 
tage of expansion, that the cut-off be main- 
tained almost constant at the point fixed by the 
ratio of the cylinders; for any great change in 
the cut-off will derange the expansion ratio and 
prevent the economy sought. Now, in cus- 
tomary engine practice which demands a con- 
stant speed, load variations are met by shifting 
the cut-off; and with light loads the conden- 
sation loss due to excessive expansion will make 
the net saving by compounding questionable, to 
say the least. Especially is this true where the 
engine runs non-condensing, and for this 
reason small and medium sized engines are 
seldom compounded. But in a correctly de- 
signed air compressor of duplex type, govern- 
ing is done in just the reverse manner, viz., 
by maintaining a fixed cut-off at point of high- 
est economy and varying the speed automatic- 
ally with the load. The reasons, therefore, 
which usually decide against compounding 
(particularly in small and medium-sized 
plants) where the steam pressure is low or 
condensing is not practicable, do not hold 
with air compressors. 

When a new plant is to be installed, in- 
cluding boilers, these can be made for 125 Ibs. 
steam pressure at very little added cost; and 
this is a very good pressure for compounding. 
But that peculiar condition of air compression 


just described, viz., constant load per stroke 
regardless of speed, makes compounding ad- 
vantageous and economical, all things con- 
sidered, with boiler pressures as low as 90 
Ibs. non-condensing, or 75 Ibs. condensing. 
Where boiler water is scarce or costly, or of 
a bad quality, the reduced amount of feed 
water required may be added argument in 
favor of compounding. While where new 
boilers are to be installed, the smaller boiler 
equipment permitted by this reduced steam 
consumption will partly offset the small added 
cost of the “double-compuund” compressor. 
Cut-off of one half in compound cylinders will 
give the same expansion as cut-off of one 
quarter in a non-compound; and it is easy 
to see that this fact gives to the compound 
advantages wholly in addition to mere eco- 
nomic gains, in the reduced load on valves 
and valve mechanism, reduced leakage, 
diminished clearance evils, lowered conden- 
sation losses, improved lubrication, and dimin- 
ished wear and tear. 

In all this it is to be remembered that com- 
pressor practise is unique in that while the 
speed varies with the load, the load per stroke 
remains constant at all speeds. Power, 
therefore, remains constant per stroke, and all 
the advantages outlined above are fixed in 
their values regardless of load. 

The regulation of steam driven compressors 
need not be discussed here. The methods 
employed are too well known. But the prin- 
ciple, whatever the device employed, is the 
same in all—a variation of speed to change 
the displacement to meet varying demands for 
air. But when some other power than steam 
is the prime mover of the compressor, other 
means of governing must be used. And this 
leads naturally to the subject of power driven 
air compressors. 

The power driven air compressor is essen- 
tially a constant-speed machine. Since its 
actual piston speed and therefore displace- 
ment cannot be changed, the only means of 
adjusting the volume of air compressed to 
the demand lies in making ineffective a por- 
tion of the displacement. But evidently econ- 
omy forbids blowing off superfluous air 
through the relief valve. There are three 
general methods of “unloading” a compressor. 
One is by opening, at light loads, a passage 
from the intercooler to the atmosphere, dis- 
charging the low-pressure air until load is re- 
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sumed. This is simply a waste of power—yet 
better than blowing off high pressure air. 
Another method is by automatically holding 
open one or more discharge valves at both 
ends of the air cylinder, which balances press- 
ures on both sides of the piston and removes 
all but the friction load. This is a very com- 
plete and positive unloader—and therein is its 
only objection. If the unloaded piston is 
traveling under balanced pressure of 100 Ibs. 
on each side, and load is resumed at any point 
of the stroke, on the return stroke the piston 
must displace a full cylinder of air at 100 lbs. ; 
in other words, the load during this return 
stroke is three or four times the normal max- 
imum. This overload, moreover, is instantly 
thrown on the piston, held throughout a 
stroke, and is instantly relieved; and _ this 
sudden, positive assumption and release throws 
strains on the machine structure which limit 
the use of an unloader of this type to com- 
pressors of comparatively small capacity. The 
third method of regulation is by limiting or 
varying the compressor intake—and this comes 
very near being a solution of the problem. 
Receiver pressure controls a valve in the free 
air intake, throttling it when load is light, 
opening it as load increases. An oil damping 
device makes the unloading and loading grad- 
ual and perfectly safe in all capacities. But 
this device is not without its draw-back. As 
the intake is throttled, the air admitted to the 
cylinder becomes rarified, and on_ return 
stroke, though the free air volume is small, 
the range of pressures is so much increased 
that terminal temperatures may soar to de- 
structive heights. This style of unloader, 
therefore, is not wholly adequate where the 
load variation is very great; and the difficulty 
increases with the terminal pressure. 


In the regulation of the power driven air 
compressor plant, less reliance must be placed 
upon the automatic regulation of the in- 
dividual machine than upon the intelligent 
sub-division and management of the plant 
itself. The old-time truism about the folly of 
putting all the eggs in one basket has become 
so polished by use that it is to-day really a 
gem, nowhere more apropos than in the 
modern pneumatic power plant with power 
driven units. At the outset it must be remem- 
bered that the power driven compressor has 
no overload capacity, 7. e., 
umetric capacity or piston displacement. In 
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the installation of a plant made up of these 
units, therefore, the maximum capacity must 
be provided for in the normal output of the 
machines. Yet fractional loads must also be 
provided for; and here the designer is con- 
fronted with another inexorable condition, 
viz., the power driven cqmpressor unit is a 
constant-speed machine. 

It may be remarked here that in 90% of the 
installation of power driven compressors, 
either electricity or water power will be the 
prime mover; and of these, probably 80% 
will be electric driven and the remainder water 
driven. It will be safe to consider the case 
of the electrical compressor as typical, since 
the deductions will apply almost equally well 
to those driven by water motors. 

The electric motor has its maximum effi- 
ciency under continuous running at its full 
load rating. Below that, efficiency falls away. 
Plant economy, therefore, forbids underload- 
ing the electrical compressor unit to any great 
extent. But in all probability the load curve 
of the plant will vary widely. Since the in- 
dividual unit cannot be relied upon for eco- 
nomical regulation, the only solution of the 
problem lies in the* sub-division of the plant 
into units, of suitable capacities to be deter- 
mined by the character of the load. This sub- 
division should be such that the greater varia- 
tions could be provided for by cutting out one 
or two or more units, the others meanwhile 
continuing to run at or near full load. A 
theoretical case may best illustrate the prin- 
ciple. 


Assume that the problem is to install an 
electrical air power plant which is to work 
under load variations of from 500 horse power 
maximum to 75 horse power minimum, with a 
normal of 400 horse power. The proper solu- 
tion, in order to get the best economy pos- 
sible, would be the installation of three motor- 
driven compressor units; two of 200 horse 
power and one of 100 horse power. The 
smaller unit would have an automatic un- 
loader, preferably of the third type mentioned. 
The possible combinations of this plant would 
be 100, 200, 300, 400 and 500 horse power, 
under all of which the motors and compress- 
ors would be running at maximum efficiency. 
When the load fell below too horse power the 
unloader would safely and economically care 
for a reduction of 25 or 30%. Such a plant 
could be made very largely automatic by the 
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use of automatic relay starting-and-stopping 
controllers, in which the governing valves are 
adjusted to work in proper rotation under 
slightly different variations of pressure. 

This in briefest outline is the system of unit 
plant design. It requires an intelligent adjust- 
ment of operating conditions to smooth out 
the load curve as far as possible. But it of- 
fers a full solution of the problem of eco- 
nomical management of a large power driven 
compressor plant under varying load. This is 
a point at which electrical and pneumatic 
practice meet, and the difficulties involved are 
well worthy of the best talent in both lines of 
engineering. 

The gas engine driven air compressor is to- 
day largely an unknown quantity. In small 
units, for portable work or other purposes 
requiring only small capacity, it has been suc- 
cessfully built and operated. But in larger 
sizes it is still largely in the experimental 
stage. The problems involved seem not to be 
beyond solution, and they are already well 
understood. But there has not been enough 
demand for this class of machines to develop 
an experience which can be safely relied upon. 
If, as is sometimes said, the gas engine is the 
prime mover of the future, it behooves the 
pneumatic engineer to face the problems of 
gas engine compression. But as yet the oc- 
casion has not arisen; and pneumatic engi- 
neers to-day find quite enough to occupy their 
attention in other lines. 

The second of the three general divisions 
adopted in this paper comes now for discus- 
sion. 

The phenomena of air expansion are gov- 
erned by the same laws as those of air com- 
pression. Boyle’s and Gay-Lussac’s Laws of 
thermo-dynamics express the relations of 
pressure, temperature and volume. In fact, 
the theory of the application of compressed 
air may be best understood by considering ex- 
pansion simply as a_ negative 
process. 


compression 
Isothermal expansion is expansion at 
constant temperature, i. ¢., no heat is lost. It 
is an impossible ideal, whose value can at best 
be only approximated. Adiabatic expansion is 
expansion with a total proportionate loss of 
heat; and it, too, can be only partially re- 
alized. 

Were isothermal expansion possible, the ex- 
pansion of a given quantity of air to one half 
its original pressure would give a volume just 
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twice as large as the original. As a matter 
of fact, in practice the volume will not be 
doubled when the pressure is reduced one 
half. For the expansion, reversing the mole- 
cular action of compression, results in a low- 
ered temperature which contracts the air 
volume , according to Gay-Lussac’s Law. 

As, in adiabatic compression, there is a loss 
as compared to isothermal due to the positive 
heat increment of work, so, in adriabatic ex- 
pansion, there is a loss as compared to isother- 
mal due to the negative heat increment of 
work. There is, therefore, in adiabatic com- 
pression and expansion a double loss of 
energy. It was shown that the loss in compres- 
sion can be reduced, but not wholly avoided, 
by removing the heat of compression as fast 
as produced. So, in air expansion, the loss 
may be diminished, but not obivated, by “re- 
moving the cold,” i. e¢., by heating the air 
during expansion. With this elementary theo- 
retical sketch, the subject of reheating may be 
taken up. 

Evidently it is impossible to heat the air in 
an expansive engine during expansion. But 
the same effect may be secured by heating the 
air before it enters the cylinder, thus giving 
it an excess initial pressure such that the ex- 
panded volume will be normal and at normal 
pressure. If heating is carried only to this 
extent there is no positive gain, but simply an 
avoidance of an otherwise inevitable loss. But 
this is by no means the limit of the possibili- 
ties of reheating. 

Gay-Lussac’s Law states that, at a given 
pressure, the volume is proportional to the 
temperature; which means that reheating is 
equivalent to an increase of volume at that 
pressure. Or, looked at from another view- 
point, reheating a given volume of air will 
increase its pressure. In either case, reheat- 
ing results in a positive increase in the avail- 
able energy of the compressed air. 

With single cylinder or duplex air engines, 
preheating only is practicable; and it results 
in securing the same mean effective pressure in 
the cylinder with a greater degree of expan- 
sion and therefore with a greater economy of 
air. But compound air engines, such as may 
be used on pumps or hoists, permit both pre- 
heating and interheating. This is “stage ex- 
pansion” and is the exact reversal of “stage 
compression.” 


The limit to which reheating may be car- 
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ried seems to be fixed only by the endurance 
of the materials exposed to the high temper- 
atures; more especially, by that of the lu- 
bricant used in the engine cylinders. But 
where an oil of high flashing-point is used, 
the temperatures which may be applied are 
surprising; for while the initial temperature 
may be very high, the wide range of expan- 
sion results in a mean cylinder temperature 
which is within reasonable limits and wholly 
practicable. 

The reheating of compressed air offers the 
most inviting field for pneumatic research to- 
day; and it is a field which is only begin- 
ning to be explored. Facts and figures are 
singularly hard to get hold of. While many 
types of reheaters are on the market, the 
wide variation in capacity ratings shows that 
even the builders are not at all certain of their 
ground. But there is an awakening in 
progress. All other pneumatic appliances are 
nearing the limit of mechanical and economical 
refinement. Compressed air is reaching out 
beyond the small mine or shop plant into the 
vast field of general power transmission on a 
large scale. The rock drill and pneumatic 
tool do not use air expansively, nor is their 
mere air economy a fair measure of their 
value. But for pumping, hoisting and gen- 
eral industrial use as a motive power, in units 
of any capacity, expansion must be employed 
if any degree of economy is sought. The great 
companies who are to-day the leading expon- 
ents of air power are alive to the require- 
ments of the situation. Their engineers are 
grappling with the problems of reheating with 
the same skill and energy which have been 
brought to bear along other lines of pneumatic 
development. When compressed air reaches 
a condition of advancement where the very 
highest economy of application is essential, 
the builders of air power machinery will be 
ready with reheaters of the same reliability 
and efficiency which mark the other pneumatic 
appliances of to-day, placing them in a class 
distinct and unique among the mechanical de- 
velopments of the past hundred years. 





It was suggested to the writer that in this 
paper there be embodied a comparison of com- 
pressed air and electric power. But an even- 
ing could be devoted to that subject alone 
without doing it justice. It may be said, how- 
ever, in closing, that the rivalry between com- 
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pressed air and electricity is more imaginary 
than real. A few years ago, perhaps, each 
viewed the other with suspicion. But in this 
age of tremendous industrial development and 
inexorable sifting-out of non-essentials, all 
things worthy of survival find their proper 
place. It has been so with compressed air and 
electricity. Each has a field distinctly its own, 
into which the other can not hope to enter 
with any prospect of success. At points these 
fields touch or even overlap; but even here, 
instead of bitter rivalry, there is a mutual 
recognition and a cordial co-operation. 

When compressed air and electricity do join 
forces, the result is apt to be spectacular, from 
an engineering standpoint. Where can be 
found a greater masterpiece than the electro- 
pneumatic switch and signal system of the 
New York Rapid Transit Subway, in which the 
electric current throws the valve admitting 
the sturdy power of compressed air from au- 
tomatic air compressors driven by electric 
motors? Or what can be more striking, more 
simple or more absolutely dependable than 
the storage air brake system of the St. Louis 
Transit Company, in which the air from au- 
tomatic electrical compressors controls the 
electric cars which carried the hundreds of 
thousands of World’s Fair passengers without 
a mishap, a break-down, or a delay? A hun- 
dred other instances might be cited in which 
air and electricity—either powerless without 
the other—have joined hands in a wonder- 
working achievement; and nothing can prove, 
better than these great co-operative triumphs. 
that the days of competitive strife between 
compressed air and electric power have per- 
manently passed. 
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Pipes supplying air to rock-drills should be 
of a size to permit the passage of air at a 
velocity not greater than 25 to 30 ft. per sec., 
while all bends and angles (especially short 
ones) should be avoided, as they add greatly 
to the friction of the air, and thus decrease the 
pressure. The friction of the air is propor- 
tional directly to the length of the pipe, and 
to the square of its velocity. For this service, 
pipes up to 5 in. diameter are provided with 
couplings, above that with flanged joints made 
Great care must be taken 
that these joints are perfectly tight, as the 
loss, even from a pin-hole, is considerable. 
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JAMES CLAYTON 

Fifty-seven years ago James Clayton came to 
this country from his birthplace, Homer, in 
Shropshire county, England, and became in- 
terested in the gold fields of Grass Valley, Cali- 
fornia. 

3etween the years of 1864 and 1867 he started 
in business manufacturing air compressors and 


pumps. 


such concerns as the Copper Queen Mining 
Co., Plymouth Coal Co., Jamaica Govern- 
ment Railways, and the Highland Mary gold 


’ mine, was a machine built for a Dr. Sass to be 


used in connection with a pulmonary cure. 


At the age of eighty-four he is still enjoying 
a full measure of health, and the photo- 
graph which we are privileged to reproduce 
will doubtless bring back many reminiscences 

















JAMES 


Always keenly alive to the development of 
the business which he had founded, he still 
found time to pursue and successfully complete 
a number of valuable inventions, such as com- 
pressors with mechanically operated valves, an 
efficient fire pump, the first one having been 
built for the Long Island Railroad grain ele- 
vators, and improvements to a system for 
pumping water by means of the air lift. 

It is interesting to note that among the first 
compressors built and sold by Mr. Clayton to 
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to a number of our readers who are proud to 
call themselves his friends. 





T is suggested by a trans-Atlantic contempo- 
| rary that air brakes be used on motor ’buses. 
It goes on to say that compressed air 
would also be very useful for other purposes, 
such as increasing the volume of the gas 
sucked in on the induction stroke, blowing 
the horn, and starting the engine. 
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AIR BRAKES FOR MOTOR CARS 

A comparatively new field for compressed 
air is suggested in an article by Mr. Thomas 
J. Fay in a recent issue of the Horseless Age. 

Mr. Fay points out that most automobile ac- 
cidents are due to one of the three following 
causes: I. Lack of judgment of the dis- 
tance in which a motor car may be stopped. 
2. Rupture or deformation of some essential 
part of the car. 3. Lack of efficient brakes, 
or brakes out of adjustment. Of these three 
possible causes the latter undoubtedly is re- 
sponsible for a considerable portion of the ac- 
cidents on record. 

Air brakes for automobiles may be divided 
into two distinct types, according to whether 
they are operated by air pressure or are ap- 
plied by a spring and released by air pressure. 
The latter type, therefore, should more proper- 
ly be termed “air released” brakes and pos- 
sess the advantage over the former type that, 
if out of order, the brake would be applied 
and the car could not be started. 
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Mr. Fay states that the dimensions of brake 
cylinders for the heavier type of cars with 
ample weight on the traction wheels (to 
which the brake should be applied), should be 
approximately as given in the following table: 


6,000 pounds.......... 5 in. diam. x 12 in. long 
oa ‘“ IZ “6 ‘“ ‘ ‘“ “ 
5,000 ever eccces 472 xX 12 
Oe Se ee a OR See ote 
Sn: moc wwed 34% & xao" 
ape A nod ébuntees i: < ee 

It is pointed out that it is not necessary to 


use an air compressor for operating air brakes 
as the pressure can be obtained from the motor 
cylinders. This is an important point, as one 
of the chief arguments against air brakes for 
use On motor cars has been that the air com- 
pressor absorbed a great deal of power; in 
fact, it has been estimated that the power re- 
quired to operate the air brakes of a motor 
car would be approximately one-tenth of the 
power of the engine which, in the case cited, 


/ 


amounted to 3% H. P. 

It is evident that by using the pressure to be 
obtained from the motor cylinders the above 
objection is obviated and the use of air brakes 
on automobiles will not involve any more com- 
plication than are now found in the braking 
arrangements of most of the large cars fitted 
with two independent differential brakes and 
emergency brakes. 





A NEW APPLICATION OF THE 
CHANNELING MACHINE 

Not very long ago this paper published an 
article, entitled “Improvements in the Channel- 
ing Machine,” in which was pointed out the 
great saving which could be effected in quar- 
rying and other forms of rock excavation by 
the use of channelers of the latest type. It 
may be of interest to our readers, therefore, 
to know of a recent application of these ma- 
chines to some special work in New York 
City. For some years engineers and contract- 
ors have been vexed with the problem of re- 
moving rock in excavating for new buildings, 
railway cuts, etc., without disturbing adjacent 
foundations. To accomplish this by cutting 
the side walls with track channelers had, up to 
the present time, been considered impracti- 
cable, but the success of channelers for this 
work on the New York Central cut under De- 
pew Place, has conclusively proved the practi- 
‘cability and superiority of this method. 

In a recent issue of Wine and Quarry, pub- 
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lished quarterly by the Sullivan Machinery 
Company, there is contained a very interest- 
ing article by Joseph H. Brown, Jr., describ- 
ing the work of this company’s machine on the 
above contract. It seems that the work in- 
volved in the excavation of Depew Place for 
its full width of 50 ft. between 42d and 44th 
streets, a distance of about 500 ft. Below the 
natural soil and fill, which extended to a depth 
of 15 to 25 ft., existed ordinary gneiss rock, 
the stratification of which was broken and ir- 
regular.. The average depth of rock to be ex- 
cavated was about 15 ft. and the total amount, 
approximately, 18,000 cu. yds. On one side of 
the street, the baggage room of Grand Central 
Station extended the full length of Depew 
Place, and upon the opposite side was the 
Grand Central Palace, 200 ft. in length. 


On account of the proximity of the founda- 
tions of these buildings to the line of the cut, 
the contractors found it impossible to blast 
without first freeing the rock at the side and 
they determined that channeling machines, 
operated by compressed air and fitted with air 
reheaters, would prove the most economical 
method of making the cut. Accordingly a 
Sullivan Class Y machine with 8 inch cylinder, 
using a solid Z-shaped steel, was started to 
work on June 30th and was operated continu- 
ously 24 hours a day in three shifts of eight 
hours each up to August Ist, the cuts being 
made in two and in some places three lifts, 
varying from 6 to g ft. in depth. 


The progress made was so satisfactory that 
about August Ist a second machine was in- 
stalled of the same type, so that the walls on 
both sides of the street could be channeled at 
the same time. Mr. Brown states that these 
channelers frequently cut as high as 1o ft. an 
hour in the irregular gneiss formation, which 
proved to be one of the most difficult in 
which channelers have been made to operate. 


In regard to the cost of drilling and broach- 
ing by the old method, Mr. Brown estimates 
it as follows: Assuming that 60 ft. can be 
drilled per 8 hour shift, 6—1o ft. holes can 
be put down; and allowing three inches for 
the diameter of the hole and one inch for the 
rib between, 20 sq. ft. will be drilled per 8 
hour shift. Furthermore, it will take at least 
one-half as long to broach as to drill, or one- 
half shift. 


Drilling costs per shift: 
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RAQUER 5 sccccccneesssnodd cormeee smeecetes $3.00 
EE UDE Tho sicisia'g.asisisve-eonsiate re senna ememalcetind 2.00 
Power, oil, blacksmith, etc. ............. 2.00 
7.00 

Broach: 2 occ icin ccdcwssccwesaw nencise es 3.50 
Total cost per 8 hour shift........... 10.50 


Cost per foot, $0.525. 

The estimated cost of running a channeler 
eight hours may be taken at $10, including 
runner, helper, blacksmith and power. There- 
fore, averaging 60 sq. ft. per 8-hour shift, the 
cost per foot was $.1634, a saving of $.36 per® 
foot, or 68.3% over the method of drilling and 
broaching, in addition to cutting the time in 
half. 

It is interesting to note, therefore, that the 
results fully approved the judgment of the 
contractors and that the channeler has proved 
its right to an important place in a contractor’s 
equipment. 





COMING EXPOSITION OF SAFETY 
DEVICES 


Last month the press very generally notified 
the public of the Exposition of Safety Devices 
which the American Institute of Social Ser- 
vice proposes to hold in New York, January 
28th-February goth, 1907. Gratifying interest 
is being shown by the inventors and manu- 
facturers of devices for protecting the lives 
and limbs of workers and of the general 
public. 

Applications for space are being filed in the 
order of their receipt. 

Commissioner General Kohlsaat, alive to the 
importance of the Exposition to be held in 
New York, desires to secure it entire for the 
enrichment of the Jamestown Exposition in 
1907. 

European co-operation has been generously 
pledged. The Belgian Minister of Labor has 
promised a large part of the Belgian Expo- 
sition of Safety Devices and Housing. 

Dr. Muensterberg, perhaps the greatest 
European authority on public and private char- 
ity, has promised to send for the Section of 
Industrial Hygiene selected and typical ex- 
hibits of santoria for consumptives and also 
for drunkards, First Aid to the Injured Sta- 
tions, of Red Cross Stations, of Workmen’s 
Colonies, and other valuable material. 

Dr. Hartmann of the Berlin Museum of Se- 
curity will send a splendid collection of pho- 
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tographs and hundreds of scale drawings of 
safety devices. 

M. Mamy, Director of the Paris Museum of 
Security, has already shipped valuable ma- 
terial. 

Various influential Europeans are co-operat- 
ing with the Director of the American Insti- 
tute to secure the best safety devices from the 
continental manufacturers. 

Prominent Americans also are lending their 
co-operation as honorary vice-presidents: 
Grover Cleveland, first vice-president; Hon. 
‘Frank W. Higgins, Governor of New York; 
Hon. Curtis Guild, Jr., Governor of Massa- 
chusetts; Hon. E. C. Stokes, Governor of 
New Jersey; Hon. Henry Roberts, Governor 
of Connecticut; Hon. C. P. Neill, U. S. De- 
partment of Labor, Washington, D. C.; Hon. 
T. P. Sherman, Labor Commissioner of the 
State of New York; H.C. Bumpus, Director 
American Museum of Natural History. 

Requests for information regarding space 
should be made to Dr. William H. Tolman, 
Director, 287 Fourth avenue, New York. 
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rivets used on the intermediate tower were 
short and easily driven as indicated by the 
cost given in the accompanying table, while 
the heavy sections on the main tower and 
end span required long heavy rivets which were 
very difficult to drive. The total cost of the 
plant was as follows: 


Two boilers at 909D.........csecesecs $ 300 00 
Two compressors at 50%............ 1,300 00 
Nine pneumatic rammers at 50%.... 1,800 00 
Fifteen forges at 50%...........0.. 250 00 
Pt ci wiranvenaradnnsenee sens 200 00 
ROAR A Eee A oee opa ta we helen means 1,120 00 
Steel, tools, scaffold, etc............ 1,350 00 
Plant, labor, miscellaneous........... 2,290 00 

ROU SS out wiceiiwincectpstron wien tie ae $9,610 00 





AIR COMPRESSOR LUBRICATION 


Air compressor lubrication has received con- 
siderable attention of late in the technical press 
but not as much as it should. It is a very 
important subject to users of compressed air 
and'one that comparatively few engineers have 
paid much attention to. Improper lubrication 








Main Towers. 
No. Rivets Driven, Net............... 100,039 
Fer Rivet. Total 
OO CE ee $0.158 $15,874.00 
PNG cabins scacbaueesedse= 021 2,071.00 
PE Ccccewnur tic uasustesteans> eee k 6 .046 4,615.00 
DNC 6cunccnsoscansascwe sxe aass $22,560.00 
General expenses, at 10%...........-- $0.022 2,256.00 
$0.247 $24,816.00 $0.146 $2,792.00 ‘ee 





Intermediate 
Tower. End Span. Total 
18,971 91,835 210,845 

Per Rivet Total. Per Rivet. Total. Per Rivet. Total. 
$o.085 $1,609.00 $0.159 $14,631.00 $o.152 $32,114.00 
003 64.00 .005 465.00 O12 2,600.00 
045 865.00 045 4,130.00 045 9,610.00 
a $2,538.00 oe $19,226.00 oe $44,324.00 
$0.013 254.00 $0.02 1,922.00 $0.021 4,432.00 
jRpdieiebseehiecad $0.229 © $21,148.00 $0.23 $48,746.00 














COST OF RIVETING ON THE 
BROOKLYN TOWERS AND 
END SPAN OF THE WILL- 
IAMSBURG BRIDGE, 

NEW YORK CITY 


It is interesting to note in an article by Mr. 
Francis L. Pruyn, Associate Member Am. 
Soc. C. E., in a recent issue of Railway Main- 
tenance and Structures, the cost of riveting 
the main towers and end span of the Williams- 
burg bridge. The riveting was done with 
pneumatic riveters, from four to eight being 
generally in use. Four men, including the rivet 
heater, constituted a gang, each man receiving 
$3.76 per eight-hour shift. Compressed air was 
furnished at about 80 Ibs. pressure by two 
compressors, with a combined capacity of ap- 
proximately 300 cubic feet per minute. The 


has been responsible for many accidents and 
explosions, the seriousness of which is evi- 
denced by the following abstract from the 
National Engineer: “The pipe line leading 
from the receiver around the shop was not 
only bursted, but was opened perfectly flat, 
just as flat as the plate was before the pipe 
was made. This was small pipe, some 2”, 
114” and 1”, which should stand at least 15,000 
Ibs. pressure. The minute the explosion oc- 
curred a flame of fire shot out of the receiver. 
The explosion wrecked the entire roof of the 
building which shows plainly that there must 
have been a very heavy pressure. We could 
not get more than 100 Ibs. pressure on the 
We feel satisfied that there must 
have been at least 1000—2000 Ibs. pressure to 
have caused the wreck.” 


receiver. 
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Alexander M. Gow, M. E., writing in the 
Engineering News, states that “excess of lub- 
rication in addition to waste, means increased 
accumulation of combustible matter, increased 
lodgment of dust and increased danger of ac- 
cident. It will not be argued that all 
the lubrication used in the air cylinder is de- 
posited on the walls of the receiver, but some 
of it will be, and the more lubricant used the 
more will be deposited. It follows that 
just as little lubricant should be used as pos- 
sible, inasmuch as an air cylinder requires less 
oil than a cylinder of equal size using steam. 

Two lubricants are in general use in air 
compressor cylinders, a mixture of soap and 
water, and cylinder oil. Either can be made 
to do the work. While ignitions are bad, and 
must be avoided if possible, explosions are 
more serious. Evidently they are due to the 
formation of a mixture of combustible gas or 
vapor in. suitable proportions with air at a 
temperature sufficient to ignite. The percent- 
age of gas or vapor required to make an ex- 
plosive mixture is surprisingly small and in 
general the heavier the gas or vapor the 
smaller the percentage. Combustible 
gas or vapor is evolved from all lubricating 
oils by heat. It is by no means uncommon 
for the engineer in charge of an air compres- 
sor to introduce through the inlet pipe a quan- 
tity of light oil or even kerosene. This is a 
favorite and sometimes effective way of clean- 
ing dirty discharge valves. Under such condi- 
tions it is possible for an explosion to take 
place immediately. Such practice is simply 
tempting Providence and Providence at times 
refuses to resist the temptation.” 

Many other authorities might be quoted on 
these points but those who have had experi- 
ence in air compression will find these suffi- 
cient to convince them of the importance of 
proper lubrication. It is interesting to note 
therefore that graphite is coming more and 
more into general use for this purpose, and 
we are just in receipt of an exceptionally in- 
teresting treatise published by the Dixon Cru- 
cible Company, Jersey City, N. J., devoted to 
the subject of graphite and its application to 
air compressor lubrication. The arguments 
which the Dixon Company put forth are very 
convincing, as this lubricant is inert under 
high temperatures and therefore eliminates all 
danger of explosions; furthermore, it fills up 
any unevennesses, roughnesses and pores in 
the metal, bringing the surfaces much nearer 
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to a condition “perfect” smoothness, than is 
possible by any other known means. This ef- 
fects a material reduction in the “solid fric- 
tion” between those surfaces, for it is a funda- 
mental principle in lubrication that the smooth- 
er bearing surfaces can be made, the less will 
be the friction between them and the easier 
will they be to lubricate. 

Graphite shows a strong tendency to attach 
itself to metal surfaces and, when thoroughly 
worked into the inequalities of surfaces, im- 
parts a superficial glaze, or veneering, of great 
smoothness, high polish and endurance that 
prevents actual contact, metal to metal, and 
makes it possible for relatively small quanti- 
ties of fluid lubricants to provide a safe and 
sufficient film or lubricating layer. 

Flake graphite may be mixed with oils, soap 
suds or water for lubrication purposes and 
there are now on the market several lubrica- 
tors such as the Graphoil Lubricator for feed- 
ing this new lubricant. 





NEW PUBLICATIONS 


Management of Electrical Machinery.—A 
revised and enlarged edition of Practical Man- 
agement of Dynamos and Motors by Crocker & 
Wheeler. D. Van Nostrand & Co., New York; 
price $1.00. 

This book has long been considered as 
standard in its field and scarcely needs com- 
ment except to call attention to some of the 
changes which have been made in the last 
edition. The first chapters on Principles of 
Electrical Machinery, Selection, Installation 
and Operation have been revised, and the 
latter part of the book, referring to troubles 
with machinery, has had considerable new 
matter added on the subject of alternating cur- 
rent generators and motors. Furthermore, 
obsolete types of machinery have been elimi- 
nated from the book. The book as now printed 
is divided into five parts: Part 1, covering Se- 
lection, Installation, Connection, and Opera- 
tion. Part 2, Inspecting and Testing. Part 3, 
Localization and Remedy of Troubles. ‘Part 4, 
Constant-Current (Arc) Generators. Part 5, 
Management of Railway Motors. These five 
parts occupy 218 pages, with 131 illustrations, 
and the book should be of great assistance to 
the operating engineer in explaining the dif- 
ficulties which he is likely to encounter in 
handling electrical machinery. It also con- 
tains sufficient theory to show the reasons for 





if 
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the remedy besides giving the theoretical stu- 


dent an idea of the practical side of his pro- 
fession. 





Gas-Engine Design, with an introduction on 
Compressed Air by E. J. Stoddard, published 
by Parker & Burden, 1217 Hodges Block, De- 
troit, Mich. Price, bound in paper, 25c; flex- 
ible cloth (buckram), $1.00. 

The only part of this book which directly 
concerns the user of compressed air is the 
section devoted to an introduction on com- 
pressed air, and also the first chapter, which 
treats of a graphical construction of the curves, 
PV:2=C, which are worked out for various 
values of m corresponding to isothermal com- 
pression of air, adiabatic compression of air, 
adiabatic compression for gas engine, satura- 
tion curve of steam, etc. 

The chapter devoted to compressed air treats 
of the theoretical side only and is exceedingly 
complete. Aside from the derivation of the 
characteristic compressed air formule, this 
book contains numerous tables and curves 
showing volume, final temperature, and 
pressure in atmospheres corresponding to var- 
ious gage pressures. It also gives the square 
root, cube root and fourth root of numbers 
from .I to 20.4. Furthermore, a table is in- 
cluded showing the mean effective pressure, 
work per pound of air compressed and other 
important facts corresponding to the com- 
pression of air from 0 gage pressure up to 
200 Ibs. per square inch. 

The book is ably written and should be a 
valuable addition to any engineer's library. 





TRADE PUBLICATIONS 

Note.—We believe it to be the desire of 
every up-to-date engineer to acquire a com- 
prehensive collection of trade catalogs cover- 
ing the subjects in which he is most interested. 
We therefore endeavor to review the catalogs 
submitted to us briefly, but carefully, in order 
that our readers may form some adequate idea 
of their contents and value. 

Cyclone Drill Company, Orrville, Ohio.— 
Eighty-five-page catalog, 6x 9, fully illustrated, 
describing their full line of prospecting ma- 
chinery for coal, water, oil, gas, mineral and 
placer mining. The catalog describes par- 
ticularly their portable churn drills and rotary 
core drills and covers the subjects of sand 
pumps, drilling tools, blowers and spare parts. 
Catalog 6x9, fourteen pages devoted to Cy- 


clone contractor drills and Economy blast 
hole loaders. Also catalog 6x9, twenty-two 
pages, covering their drilling machines for 
contractors and rock excavation work. 

Pratt Institute Free Library, Brooklyn, 
N. Y.—Catalog of books on electricity con- 
tained in the Applied Science Reference Room. 
This room has been lately opened to the public 
and contains an especially complete assortment 
of engineering reference books. 

Ingersoll-Rand Company, 11 Broadway, New 
York.—Small booklet, Form 35-A, illustrating 
and describing Ingersoll-Sergeant air com- 
pressors, both straight line and duplex. 

C. W. Hunt Company, West New Brighton, 
S. I—Forty-four-page booklet devoted to 
Hunt industrial railways and their equipment. 
This booklet, while small, is well illustrated 
and singularly complete. 

The Whitaker Manufacturing Company, 
Chicago, Ili—Small booklet entitled Modern 
Tools, and illustrating their line of twist drills, 
air drill reamers, drill chucks, taps, saw blades, 
ratchet drills, wrenches, etc. 

People’s Specialty Company, Corning, N.Y. 
—Small booklet illustrating and describing the 
Simplex drawing and time card holder, being a 
frame for holding blue prints and time cards 
which may be attached to a lathe or other 
machine tool in such a position as to be 
equally seen and read by the machinist. The 
use of this apparatus does away with mounting 
blue prints. 

Allis-Chalmers Company, Milwaukee, Wis. 
—Forty-page bulletin (Bulletin No. 1507), 
734x 10%, devoted to a description of the 
general subject of air compression and to the 
compressors manufactured by this company. 
The bulletin contains many valuable tables and 
other data of interest to engineers and will 
doubtless be very much in demand. 

Hanna Engineering Works, 820 Elston ave- 
nue, Chicago, Ill—Four-page leaflet describ- 
ing the Hanna radial reamer for reaming rivet 
holes in bridge and structural girders, etc. 

Baldwin Locomotive Works, Philadelphia, 
Pa.—Record of Recent Construction, No. 59, 
34 pages, 6x9. This booklet is most hand- 
somely printed and describes and illustrates 
many of the recent locomotives which have 
been built by this company. 

Ingersoll-Rand Company, 11 Broadway, New 
York.— Bulletin No. 2011, issued by the Pneu- 
matic Tool Department, and devoted to a de- 
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scription of the “Little Jap” hammer drill for 
light work in all rock excavations. The bul- 
letin contains twenty pages, fully illustrated, 
and is 6x9 inches in size. 


Sullivan Machinery Company, Railway ex- 
change Bldg., Chicago, Ill.—Bulletin No. 51-D, 
twelve pages, 6x9, illustrating and describing 
Sullivan pneumatic hammer drills for quarry- 
ing and contracting work. The pamphlet is 
well illustrated and full particulars are given 
of the drills. 


Joseph Dixon Crucible Company, Jersey 
City, N. J—Twenty-six page pamphlet devoted 
to the subject of air compressor lubrication. 
This pamphlet is particularly valuable to engi- 
neers and operators of air compressors as it 
contains a thorough description of the use of 
flake graphite for the lubrication of air cylin- 
ders. 

Chicago Pneumatic Tool Company, Fisher 
Bldg., Chicago, Il1l.—Catalog No. 20, 116 pages, 
6x9, describing the full line of Franklin air 
compressors manufactured by this company. 
Constructive principles are described in de- 
tail and information not hitherto published is 
given relative to several new types of com- 
pressors including Corliss, motor-driven, gas 
engine driven, and new pattern compressors of 
larger capacities. This catalog also devotes 
considerable space to the subject of pumping 
by compressed air, besides including numerous 
tables and formule of interest to compressed 
air users. 


Roteng Engineering Co., 299 Broadway, 
New York.—Bulletins Nos. 55 and 56, illustrat- 
ing and describing rotary belt-driven and 
motor-driven air compressors of a new de- 
sign. These compressors are very simple in 
construction and represent an entirely new 
principle in the design of air compressing ma- 
chinery. 





The Rix Compressed Air and Drill Com- 
pany announce that they are how occupying 
their new offices at 219-221 Spear street, San 
Francisco, Calif., which is their main office and 
salesroom. Their factory, warehouse, and 
branch office are located at 1436 Fifth street, 
Oakland, Calif. They state that their factory 
has greater capacity than before the fire and 
that they are now able to fill all orders for air 
or gas compressors, rock drills, etc. 


INDUSTRIAL. 








BUTT WELDING WROUGHT IRON 
PIPES BY THE THERMIT 
PROCESS 


Thermit, as most people know, is a mixture 
of finely divided aluminum and iron oxide 
which when ignited in one spot communicates 
the combustion throughout its mass without 
the introduction of heat or power from outside 
and produces during this combustion (in about 
fifteen seconds), a temperature of approxim- 
ately 5,400° F. 





WELDING A 1I14-INCH PIPE. 


During the reaction which produces this 
heat, the aluminum and the oxygen contained 
in the iron oxide combine to form a highly 
superheated liquid slag (aluminum oxide). 
The iron which is set free at the same time 
and at the same temperature sinks to the 
bottom of the containing vessel or crucible. 

In the case of pipes and small rods, the 
superheated molten mass is poured around the 
pieces to be welded, the latter are thus brought 
to the necessary temperature and the weld is 
completed by physical pressure as described 
below. 

It is necessary that the ends of the pipe be 
prepared somewhat for the process of welding 
and they are accordingly filed and then butted 
carefully together between clamps. A cast iron 
mold, in two pieces, is then placed around this 
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joint, the upper part of the mold having a nar- 
row gate to admit the superheated mass. 

The thermit is ignited in a flat bottomed cru- 
cible held in a pair of tongs. After the re- 
action the slag fills the upper part of the cru- 
cible and occupies three times the volume of 
the superheated liquid steel which collects at 
the bottom after the reaction has taken place. 

The superheated liquid mass is then poured 
into the opening of the mold. The slag flowing 
first, will adhere in a thin layer to the walls 
of the mold and the surface of the pieces to 
be welded and will protect them from contact 
with the liquid steel which runs in last. After 
waiting for the ends to soften, the clamps are 
drawn up and effect the weld by squeezing to- 
gether the now plastic ends of the pipes. The 
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the crucibles will withstand twelve to fifteen 
reactions. One half teaspoonful of ignition 
powder is required to start a reaction and one 
pound is sufficient for one hundred welds. 
Owing to the fact that the cost of welded 
joints is dependent upon and varies with the 
conditions surrounding each case, it would be 
difficult to make any estimate of the cost of 
the process for purposes of comparison with 
other systems of joining pipe lengths. It 
might be said, however, that the first cost of 
welding will undoubtedly be higher than any 
other system in use, but the first cvst in the 
case of the thermit process is the only cost 
that will have to be met, since the joints, once 
welded, are permanent and as indestructible as 


the rest of the pipe. This cannot be said of 





EQUIPMENT REQUIRED FOR WELDING PIPE BY THE THERMIT PROCESS. 


A, Welding Portion Bag; B, Crucible; C, Tongs; D, 2” Pipe: E, Top Talf of Cast Iron Mould Box; F F F F, Screw 
lamps; G, Support for Bottom Half of Cast Iron Mould Box; H, Pins for Screwing Up Clamps; 
I, Ignition Powder. 


welded joints are as strong as the rest of the 
pipe and, after removing the molds and clamps, 
the weld will be perfectly solid and there will 
be practically no upset at the joints. On chill- 
ing, the layer of slag is easily knocked off. 

An interesting point in the application of this 
process of welding is the fact that it is adapted 
to either steam, compressed air or ammonia 
pipe lines and the joints may be welded any- 
where in place and vertical pipes are welded as 
easily as horizontal. 

The thermit powder is put up in bags con- 
taining the quantities necessary to weld a 
given joint which is called a “welding portion.” 
The necessary appliances consist of a set of 
clamps, tongs, cast iron mold and crucibles. 
The first two articles are permanent; the 
molds should last for sixty or more welds and 


any other system of pipe connections, and is a 
point that should be considered carefully by 
managers of steam, compressed air and re- 
frigerating plants. 

The Thermit process is controlled by the 
Goldschmidt Thermit Co., 43 Exchange Place, 
New York. 





A NEW COURSE OF INSTRUC- 
TION AT PRATT INSTITUTE 


The department of science and technology 
of Pratt Institute, Brooklyn, N. Y., this year 
offers a new course in machine construction 
intended primarily to train its graduates to fill 
positions as foremen and assistant superinten- 


. dents in machine shops or in kindred manu- 


facturing plants in which machine work is an 
operation of first importance. It is preferred 
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that applicants for this course be men with 
some considerable previous experience in ma- 
chine work, it being the idea to combine with 
their practical experience the theory under- 
lying it. A good working knowledge of arith- 
metic is also required, and only those are de- 
sired whose ambition is to improve their con- 
dition and to that end are willing to devote 
their energies for the nine months required to 
complete the course. The machine shop of 
the institute has recently been added to, and 
the increased floor space and new equipment 
nearly double its capacity. 

The course of study covers machine con- 
struction, tool working, lectures on machine 
shop practice, mechanical drawing, practical 


with which it can be moved about to any de- 
sired point makes it especially desirable for 
this purpose. These portable plants are exten- 
sively used in car barns throughout the coun- 
try for cleaning cars and machinery. Their 
steam-driven compressors for industrial pur- 
poses are the same seen in daily operation on 
any locomotive for supplying compressed air 
to operate the train brakes, which attests their 
sturdiness and reliability. 

During the past few years the knowledge of 
their efficiency and compactness has led to their 
rapid introduction into the industrial field, 
where they are employed for all conceivable 
purposes, as, for instance, raising water by di- 
rect pressure, operating pneumatic tools, paint 

















CLAMP IN POSITION FOR WELDING PIPE BY THE THERMIT 
PROCESS. 


mathematics, foundry work and forging. A 
unique feature in the curriculum of the in- 
stitute is the provision for developing in the 
students the ability to direct the work of others 
by giving each one practice at being a fore- 
man, first over one or two of his classmates. 
and finally he is given a chance to lay out and 
direct the work of a larger number. In this 
way he is able to gain experience and confi- 
dence in handling men and in directing work, 
fortifying himself against the natural disin- 
clination employers have for intrusting the re- 
sponsibility of handling men to those who have 
never had actual experience. 





WESTINGHOUSE COMPRESSOR 


FOR GARAGES 
The Westinghouse Air Brake Company have 
put upon the market a portable air compressor 
particularly well adapted for automobile 
garages for inflating tires, dusting out vehicles 
and cleaning machinery of all kinds. The ease 


sprayers, etc.; also for sewage ejecting sys- 
tems, cleaning molds and machinery in foun- 
dries and shops and other uses too numerous 
to mention. 

This is one of the most efficient labor saving 
devices lately offered to garage owners and 
ought to attain prompt popularity. 





INDEPENDENT PNEUMATIC 


TOOL CO. 

The Aurora Automatic Machinery Company 
of Aurora, a subsidiary of the Independent 
Pneumatic Tool Company, reports that owing 
to expanding business the company’s plant will 
be greatly enlarged. The company has a cap- 
ital of $500,000, but no new stock will be issued 
to finance the improvement. Stockholders at 
their annual meeting elected the following di- 
‘rectors: John P. Hopkins, M. S. Rosenwald, 
Simon Florsheim, J. J. McCarthy, John D. 
Hurley, A. B. Holmes, all of Chicago; James 
B. Brady and W. O. Jacquette of New York 
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City, and C. E. Erikson of Aurora, Ill. The 
following officers of the company also were 
elected: President, John P. Hopkins; first 
vice-president, W. O. Jacquette; second vice- 
president, John D. Hurley; treasurer, C. E. 
Erikson; secretary, A. B. Holmes. The di- 
rectors declared a regular quarterly dividend 
of 3 per cent. 





A NEW ROTARY STEAM ENGINE 


Revolution in the use of steam as a power 
agency is predicted for the rotary engine in- 
vented by H. I. Call, of Spokane. The idea 
embodied in the Cali engine is absolutely dif- 
ferent from that-of the ordinary reciprocating 
piston engine. There is no piston. Instead 
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against the wall of the steam chest that not an 
atom can come between them. To reverse the 
engine steam is admitted through opposite 
valves, the exhaust escaping through separate 
pipes. 

Mr. Call has completed two of the new 
model engines. One of them is running in his 
shop in Spokane. It shows _ remarkable 
strength, operating several large lathes, drills, 
saws and other heavy machinery. The engine 
is 6x7xII inches, and occupies a floor space 
15x20 inches with its fittings, with 14 inches to 
the top of the steam pipe and weighs 217 
pointed by the Spokane chamber of com- 
area for six horse power, but Mr. Call declares 
he has developed 10 horse power. 

Mr. Call has formed the Crescent Rotary 
Engine Company and has secured patents on 

















TWO VIEWS OF NEW ROTARY ENGINE. 


there is a steamchest, inside of which is a 
cylinder, which rotates by pressure of steam 
against slidable blades, power being made 
available by a shaft attached to the rotating 
cylinder. 

The cylinder is readily rotated by the pres- 
sure of steam against the projecting ends of 
the sliding blades in the crescent-shaped steam 
chambers. As the cylinder revolves it con- 
stantly slides the blades back and _ forth 
through the arc-shaped slots holding them 
into the cylinder. The sliding movement of 
the blades corresponds with the pressure of 
the oval inner wall of the steam chest upon 
the points of the blades. When one end of 
the blade is passing the narrowest distance 


between the cylinder and the steam chest wall’ 


the other end is passing through the widest 
distance in the crescent-shaped steam chamber. 
The ends of the blades are fitted so tightly 


his invention in the United States and Eng- 
land, as well as other foreign countries and 
it is proposed to build a factory for its man- 
ufacture. 

C. M. Fassett, J. M. Fitzpatrick and Samuel 
Glasgow, members of a special committee ap- 
pointed by the Spokane chamber of com- 
merce, have made a report to that body in 
which they say the engine is a great improve- 
ment over the reciprocal steam engine and 
that because of its cheapness, simplicity, com- 
pactness, easy control of speed and reversing 
and freedom of vibration the demand for it 
should be enormous. They also recommend 
the engine to the manufacturers of Spokane 
and endorse the project to manufacture it in 
Spokane. 





Messrs. Siemens and Halske, of Berlin, Ger- 
many, have recently patented an alloy which is 
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especially suited for use as a bearing metal. 
They state that it is superior to the usual 
white metal in that it is very easily worked 
and particularly easily turned, that it fills up 
the mold completely when cast, that it pos- 
sesses relatively great hardness, and, what is 
most important, that it has an extremely small 
coefficient of friction. The alloy is made by 
melting together: approximately equal parts of 
cadmium and zinc, with an addition of a small 
proportion of antimony. The alloy can, for 
example, consist of 45-50 parts of cadmium, 
45-50 parts of zinc, and up to Io parts of an- 
timony. The antimony added should not ex- 
ceed 10 per cent, as otherwise the metal is too 
brittle. A very suitable proportion of antimony 
is 5 per cent. If the proportion of cadmium 
and zine is considerably varied, the coefficient 
of friction increases, and the other good prop- 
erties of the alloy are essentially prejudiced. 
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“THE MULTEX” 
(MULTIPLE EXPANSION ) 
COMPRESSED AIR-LIFT PUMP 
(PRICE'S PATENT TAPER-TUBE SYSTEM.) 


In a recent issue of our English contem- 
porary Engineering, there appeared the fol- 
lowing description of the test of a new air 
lift pump. Our contemporary states that 
although it cannot be claimed that the air- 
lift pump when used for raising water from 
deep wells and similar places, is able to com- 
pete in point of efficiency with high-class barrel 
pumps, it is, however, for many purposes so 
convenient and useful that there are many 
cases in which its advantages out-weigh those 
of mechanically-driven pumps. Unfortunately, 
in some instances where air-lift pumps have 
been tried, it has been found that their effici- 
ency has been rather low; and there has, no 

















WORD BROS.’ DRILL MAKER AND SHARPENER. 


A NEW DRILL SHARPENER. 


A noteworthy machine for making and sharp- 
ening rock drills has lately been built in San 
Francisco and shipped to the Panama Canal. 
The conditions in the Canal Zone, with ref- 
erence to rock drills, were such that the ordi- 
nary drill sharpener would not meet the re- 
quirements, mainly for the reason that the 
drills used there are of greater size and longer 
length than those generally used in mining. 

The machine is of the Word Bros.’ type of 
drillmaker and sharpener, and was designed 
and constructed with a view to handling long 
lengths and large size steel. It forges and 
sharpens drills from 114 in. diameter to 5 in. 
diameter, and from 1 ft. to 30 ft. long without 
any change of dies or appliances in the differ- 
ent sizes and lengths of drills. Its weight is 
6000 Ibs. and is 38 feet long overall, and was 
the first drill sharpening machine constructed 
in San Francisco after the great fire. 


doubt, on this score, been somewhat of a 
prejudice against them, which, though not un- 
natural, has probably frequently prevented 
their use in places and under conditions for 
which they were well adapted. Although their 
efficiency has been lower than that of the 
deep-well barrel-pump, it has been improved of 
late years, and particularly so by the adoption 
of the tapered delivery-pipe, which now bids 
fair to bring the air-lift pump into greater 
favor. 


The principle of the pump is, of course, 
understood by engineers; although perhaps the 
latest improvements that have been made in it 
are not so well known. In its simplest form 
it consists of a pipe, which is placed in the 
water to be pumped, a part of the pipe being 
in the water and a part out. Inside or 
outside this pipe is another tube, down 
which compressed air is forced, the bottom 
of the air-tube being so arranged as to de- 
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liver the air inside the water-tube, which is 
open to the well at the bottom. Before the 
air is admitted the level of the water is the 
same in both tubes, but when the air-pressure 
is applied, the water in the air-tube is forced 
down and mixes with the water in the water- 
tube. When the air has forced all the water 
out of the air-pipe, it flows out itself, mixes 
with the water in the water-pipe, making the 
column lighter, and causing the water to rise 
to a height which bears a relation to the im- 
mersion, and consequently to the pressure of 
the air supplied. 

A Mr. Crockford appears to have applied 
the principle in America in 1846, for the pur- 
pose of pumping petroleum from several Penn- 
sylvania wells. After that time the invention 
lay dormant for some considerable time—in- 
deed, until revived by Dr. Pohlé about 18608. 
It was then applied by him for raising water 
on a large scale in America. 

The rising main of the ordinary air-lift pump 
is of equal diameter throughout, and experi- 
ments have shown that layers of air rise in 
the main alternately with water; and as the 
layer of air rises in the main, the pressure 
above it, of course, grows less, at the top the 
pressure being only that of the atmosphere. If 
it can do so, the air will expand gradually on 
its way up, until at the top the length of tube 
that it occupies will be several times greater 
than that which it occupied at the bottom; 
or, in other words, much of the energy of the 
air is absorbed by giving the water a rapid 
motion, which is not required. This point has 
been very carefully studied by Mr. Joseph 
Price, of Messrs. Le Grand and Sutcliff, 
Bunhill-row, London, who has for a long time 
been investigating the matter, with the result 
that the firm mentioned have introduced a 
form of air-lift in which the rising main is 
gradually widened from the bottom towards 
the top. By this arrangement it will be seen 
that the air can expand laterally, and the lay- 
ers of water will have only a slightly higher 
velocity at the top of the pipe than at the 
bottom. The energy expended in giving a 
higher momentum to the water as it rises is 
thus saved. 

Very striking results have been obtained 
with this form of pump, much higher efficien- 
cies being obtained by it than with the orig- 
inal apparatus, and several extensive experi- 


ments have been made in order to test the new ~ 


arrangement. One of these, which we recently 
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saw carried out at the Wandsworth and Put- 
ney Gas Works, is of so much interest that 
we place the results before our readers. 

The air-lift pump on which the tests were 
made was placed in an artesian-well boring 
7% in. in diameter, which extends to a depth 
of 630 ft. below the surface, and terminates in 
hard chalk. The well is lined continuously 
with steel tubes to a depth of 284 ft. below 
the surface, the upper part being surrounded 
by another steel tube 11% in. in diameter, 
which reaches to 54 ft. below the surface; 
the space between the inner and the outer 
tubes being filled with cement-concrete, so as 
to protect the tube proper from any corrosive 
action of the waters of the surface beds. The 


“rest” water-level, before pumping, stood at 
about 154 ft. below the surface; and, during a 


preliminary test, indications of a probable sup- 
ply of 5000 gallons per hour being obtained, 
arrangements were made for raising that 
quantity. 

The pump employed was one of the “Mul- 
tex” air-lift pumps on Price’s patent taper- 
tube system, and the compression of the air 
was effected by a horizontal tandem steam- 
driven compressor of 1I2-in. stroke, with two- 
stage compression. All the cylinders were 
double-acting, the steam cylinder being fitted 
with a piston slide-valve, and the air-cylinders 
with Matthewson’s inlet and delivery valves. 
The air, partly compressed in the first cylinder, 
was passed through an intercooler fitted with 
copper tubes; the cooled air then entering the 
high-pressure cylinder was further compressed 
to the working pressure, and delivered to a 
steel receiver, where any oil carried from the 
cylinders was deposited. From the receiver 
the air was conveyed a distance of 120 ft. to 
the air-lift pump, where it was connected by a 
length of metallic hose to the air-pipe passing 
down the well (in this case outside the rising 
main) to an annular ejector at the bottom. 
By a special arrangement the whole could be 
raised or lowered, and the annular passage 
through the delivery valve of the ejector in- 
creased or decreased, as desired, to ensure the 
most effective action. 

The proper size of the annular opening once 
having been found, no further adjustment is 
required. The effective length of the rising 
ft. and a pressure gauge on the air receiver 
gave the pressure of the air and its equivalent 
head in feet. The immersion could thus be 
measured by simple inspection. The head, due 
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to the working pressure on the gauge, was 
330 ft., 6 ft. of which was found to be due 
to friction in the pipes, leaving 324 ft. as head; 
and this, subtracted from 580 ft., the total 
length of the rising main, gives the effective 
lift as 256 ft., the delivery was some 33 ft. 
above the surface; so that the water level in 
the well while pumping, stands at 223 ft. below 
the surface, or 69 ft. below its normal level. 


The water, after being delivered to an open 
cistern, to allow the air to separate from it 
before delivery into the distributing system of 
the gas works, was, for test purposes, passed 
through a valve into a tank provided with 
steadying screens, and a weir 1 ft. wide; the 
height of the still water was recorded on a 
strip of paper on a drum rotated by clock- 
work, thus furnishing a timed record of the 
actual flow over the weir. 


During the test the air-compressor was run 
at 150 revolutions and at 160 revolutions per 
minute; the recorder showed an average flow 
of about 2 in. over the weir, or ‘about 15 cubic 
feet per minute, and the efficiency of the com- 
pressor was then taken on the method usually 
adopted, of counting the number of strokes re- 
quired to fill a measured receiver from atmos- 
pheric pressure to the working pressure, and 
correcting for differences of temperature, to 
ascertain the volume of free air actually com- 
pressed for this purpose. The measurement of 
the receiver was 9.6 cubic feet, or, with the 
pipes and valve chambers, exactly 10 cubic 
feet; which space was filled to 135 lbs., the 
working pressure, by 164 strokes (the aver- 
age of three observations), which, with cor- 
rections for temperature, means a compression 
of 0.51 cubic feet of free air per revolution of 
the engine. Thus, at 150 revolutions, and 0.51 
cubic foot per revolution, 76.5 cubic feet of air 
were compressed to raise 13%4 cubic feet of 
water, or a ratio of air to water of 5.8 to I, 
and this while raising the water 256 ft., with 
an immersion of 324 ft., or a ratio of 56 per 
cent. of the total length of the rising main. 
Further particulars of the tests are given be- 
low: 


Revolutions of compressor 


POD MUMS ican sc cccasnect 150 160 
Free air compressed, in 

res |) ly a 76.5 81.6 
Height of flow over 12-in. ; 

WEE aspystueriivta ayers anes reues 1%in. 2in. full 
Equivalent delivery in cubic 

NOEL: Saisie dictate paneeaus 13:2 14.54 


Volume of air per volume 


OF WARE 6 sic ecwscinemes 5.8 5.61 
Horse-power equivalent of 
water, Hited).....i.6:0<60% 6.4 7.04 


Horse-power as per indica- 
tor diagrams from steam 


CHOC orisss s aisin sce 5.de:s 17.8 19.6 
Efficiency of plant ....... 36p.c. 36p.c. 
Ratio of immersion to 

height of rising main.... 56p.c. 56p.c. 


As the quantity of air required increases ma- 
terially as the proportion of immersion to lift 
decreases, to enable comparisons to be made, 
it is essential to reduce records to a common 
standard, preferably 60 per cent. of immersion 
to 40 per cent. of lift, which has been found to 
give the best results. The correction of the 
above figures to this standard gives the volumes 
of free air required per cubic foot of water 
raised as 5.05 and 4.87 cubic feet respectively; 
and as under similar conditions the best rec- 
ords of other air-lift pumps indicate a probable 
requirement of about 8 cubic feet of free air to 
be compressed, the claim that the tapering 
tube-pump will raise half as much more water 
as can be done with parallel tubes, with the 
same power, seems to be supported; the exact 
ratio in this case in 160 to I00. 

Although the air-lift pump is not so effi- 
cient as a first-rate barrel pump, it is obvious 
that it has advantages under certain conditions, 
one of the greatest of these being that the 
working parts and machinery may be at a 
great distance from the well. 

Another advantage is that it is quickly and 
easily installed. Now that the efficiency of 
this system has, by the use of the tapered pipe, 
been so much increased, there does not seem 
any reason why the air-lift pump should not 
be more used than it has hitherto been. 


FLOOR SCRUBBING MADE EASY 


Elias B. Dunn Exhibits Mechanical 
Invention Which Simplifies Labor- 


ious Process 

If Elias B. Dunn has his way the day of the 
scrubwoman is over. So is the day of shaking 
out carpets and laborious washing of floors for 
the housewife. Mr. Dunn gave a demonstra- 
tion of the inventions which have brought this 
about in the offices of the Dunn-Locke Vacuum 
Cleaning Company, in the Knickerbocker Build- 
ing, No. 116 West Thirty-ninth street, yester- 
day. 

The device is like the ordinary vacuum clean- 
ing apparatus, except that its rubs the floor, 
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sucks up the soap and water and carries all the 
refuse back through a rubber tube and thence 
to the cellar with a pump, which discharges the 
stuff. 

Mr. Dunn threw flour and other things over 
the upholstery of his office furniture, and 
showed how the appartus cleaned it all off in a 
few seconds and left not a stain behind. 





HE Traylor Engineering Co., which has 
i i recently begun the manufacture of fuel 
briquetting machinery, and the installa- 
tion of fuel briquetting plants under the Mas- 
hek system of briquetting, has already received 
several important orders. Three of their or- 
ders, for which the machinery is now being 
built at the company’s works, at Allentown, 
Pa., are, respectively, for Edward B. Arnold, 
No. 1 Broadway, New York, for his plant at 
the foot of West 48th street, New York; the 
Semet-Solvay Co., for its Detroit plant, and 
the Montreal Light, Heat and Power Co., of 
Montreal, Canada. 

These plants represent three interesting var- 
ijations of the briquetting industry. Mr. Arn- 
old is a large coal dealer. His plant is to make 
briquettes for domestic consumption, using the 
small sizes of anthracite coal. The Semet- 
Solvay Co. will make first-class fuel for do- 
mestic use from the coke breeze, which is a 
waste product from the Solvay by-product 
coking ovens, and the Montreal Light, Heat 
and Power Co. will make a smokeless bri- 
quette for family use from coke breeze re- 
sulting from gas making, using coal tar pitch 
as a binder. 

The adoption of the Mashek process and 
machinery by these three concerns is of par- 
ticular significance because each of them has 
been experimenting for a long time with the 
best and most used European briquetting ma- 
chinery, and machinery of other design until 
they were all of them conversant with every 
system in use. Although the foreign process 
and machinery may be satisfactory abroad, 
they have proved a commercial failure here. 
The briquettes produced are not of a size or 
shape to suit American consumers, most of 
them requiring to be broken up before use. 
Their cost also was too great, because of the 
small production of the plants, the large 
amount of binder required, and the cost of the 
necessary attendance. The Mashek plants and 
machinery are entirely automatic in their oper- 
ation, no hand-labor being required from the 


COMPRESSED AIR. 


time the materials are received until the fin- 
ished briquettes are ready to be delivered to 
the consumers. The briquettes are of a size 
and shape suitable for immediate use and con- 
venient to handle by chute or shovel, and the 
production is nearly as large per hour as is 
the daily output of tthe foreign built plants. 
The briquettes are as hard and clean as an- 
thracite coal and equal the best qualities of 
anthracite for use. The cost of briquetting 
under this system has been demonstrated in 
plants now in operation to be from 76c. to 92c. 
per ton, including pitch for binder, fuel for 
the boilers, dryers and heaters, lubricating oil, 
wear cud tear and labor—in fact, including 
everything but the cost of the raw material 
to be briquetted. The system operates equally 
well on anthracite or bituminous coal, coke 
breeze or lignite. The design of the machinery 
and the installation of plants is under the per- 
sonal supervision of Mr. G. J. Mashek, the in- 
ventor and patentee of this process and ma- 
chinery. 





TRIAL OF ROCK DRILLS, AT 
BENDIGO. 


Trials were made at Bendigo, on December 
21, 1905, at the 1,470 ft. level of the Suffolk 
Tribute mine, with various water sprays and 
atomizers. Before drills started, 24,000 dust 
particles to the cubic centimetre were found, 
and in two and a half hours had increased to 
270,000. The approximate average weight 
would be about 70 billions to the gramme. Con- 
clusions drawn from the various experiments 
made are:—(1) Large particles are only found 
during boring in dry holes, and are quickly 
settled by gravitation. They are probably too 
short in the air to be inhaled in dangerous 
quantities, and water drills or atomizers easily 
eliminate even the possibility. (2) Medium 
sized particles are thrown into the air in 
large numbers by dry drills, and render their 
imemdiate locality very dangerous to health. 
Their production in the air may be checked by 
water drills, and the atomizer soon causes them 
to settle if properly directed. (3) Small parti- 
cles are always found in mine air in varying 
quantity, and possibly include a larger portion 
of living organisms than in the open air. Pro- 
longed use of water drills or atomizers tends 
to reduce their numbers, but produces possibly 
injurious humidity instead.—7he New Zealand 
Mines Record. 
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CHIPPINGS. 








RS. Frances A. W. McIntosh, formerly 

advertising manager of the Standard 

Tool Co., Cleveland, O., and more re- 

cently connected with the advertising depart- 

ment of Power, New York, has taken charge of 

the Publication Department of the Norton 
Company, Worcester, Mass. 





The compressed air systems are being ex- 
tended at the navy yards and further improve- 
ments in the methods of transmission are under 
consideration. The use of tools operated by 
compressed air is increasing and plans have 
been made to make the facilities more ac- 
cessible. 





The deepest bore hole in the world is one 
that is located near Leipsig, Germany. The 
object of the hole was in determining whether 
coal was there and likewise the man making the 
boring was of a scientific turn of mind. The 
hole has attained the great depth of 5,790 ft. At 
the surface the hole was about a half foot in 
diameter and at the bottom had tapered off to 
less than an inch in diameter. Diamond drills 
were used and the rods weighed 20 tons. It 
took ten hours’ work to take the rods apart 
and put them together again. 





Compressed air differs from electricity, espe- 
cially in the fact that electrical friction losses 
cannot be regained, while corresponding losses 
with compressed air may be eliminated. The 
moderate fall in pressure in the air due to 
friction augments the volume of the air and 
does not involve a loss of transmission. “If 
the air were at 80 lb. gage or 95 lb. absolute 
upon entering the pipe, and 70 lb. gage or 85 
Ib. absolute at the other end, there would be a 
loss of a little more than 10 per cent. in abso- 
lute pressure, but at the same time there would 
be an increase of volume of II per cent. to 
compensate for this loss of pressure, and the 
loss of available power would be less than 3 
per cent.” 





Where compressed air is used, it is im- 
portant that all joints in the air mains should 
be carefully made to prevent any possible 
leaks, as air leaks are more expensive than 
steam leaks. At intervals, it is well to test 
for leaks by allowing the air at full pressure 
to remain in the pipe long enough to observe 


the gage. To render pipes accessible for in- 
spection, they should, if buried, be carried in 
boxes sunk just below the surface of the 
ground, and all low points which might form 
pockets for the accumulation of entrained 
water should be avoided, as they obstruct the 
passage of the air. It is also advisable, in 
long, uneven lines, to provide an opening near 
the end, for occasionally blowing out water. 
Long lengths of pipes on the surface or shafts 
where the temperature is subject to changes, 
should be provided with expansion joints. 





The pneumatic tube as a feature of the mail 
service seems finally coming into its own, after 
years of interesting and peculiar struggle, such 
as no worthy labor-saving device probably ever 
has to go through until it strikes the tortuous 
ways that lead to Government adoption. But 
in spite of all, the pneumatic tube which has 
long been an established time and money saver 
in private establishments, which has hustled 
express from city to suburb, is to be much 
more in evidence in Uncle Sam’s mail service. 
Bids have been opened recently for renewal 
of contract and extension of the service in 
New York, Brooklyn, Philadelphia, Chicago 
and St. Louis; for renewal of contract in Bos- 
ton, and for new service in Pittsburgh, Balti- 
more, Cincinnati, Kansas City and San Fran- 
cisco. Appropriations not to exceed $1,250,- 
000 a year for the service are now available, 
and extend over a period of ten years. These 
should give the Postmaster-General a rather 
free and generous hand in getting from the 
pneumatic tube a service most valuable and 
time-saving in many parts of the country. 





To produce a black color on brass, the fol- 
lowing is the formula: Dissolve 1 pound of 
plastic carbonate of copper in 2 gallons of 
strong ammonia; first boil the brass that is to 
be blackened in a strong potash solution to re- 
move all grease and oil; rinse well and dip in 
the copper in the ammonia solution, which 
should be heated to 150 to 175 deg. F., until the 
desired degree of blackness is acquired. The 
color produced is very uniform and has little 
tendency to peel off. The process works best 
on brass containing much copper, or on what 
is known as “red” brass. Directions are also 
given for making the plastic carbonate of cop- 
per as follows: Blue vitriol (sulphate of cop- 
per) is dissolved in hot water and a strong 
solution of common washing soda is added to 
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it so long as any precipitate forms. The pre- 
cipitate is allowed to settle and the clear liquid 
is poured off. Hot water is now added, and 
the mass stirred and again allowed to settle. 
Again the clear water is poured off and the 
operation of adding hot water settling and 
pouring off is repeated until everything has 
been washed out of the green carbonate of 
copper which remains at the bottom of the 
vessel. This is the plastic carbonate of copper 
referred to. 





WELLS AND THE WEATHER 


According to the observation of M. Grosse- 
teste upon some of the wells which are situated 
in the Canton of Geneva, it appears that the 
wells have the remarkable property of draw- 
ing in air at certain times and of blowing out 
air at other periods. These wells are con- 
sidered by the inhabitants of these districts 
as very exact indications of the weather. When 
the wells blow out air it is a sign that rain is 
to follow, and when air is drawn in it is a 
sure indication of fine weather. Since the 
wells are covered with a flat stone having a 
hole in it, according to the custom of the 
region, it is easy to observe the direction 
which is taken by the current of air. Some 
observers installed upon one of the wells a 
pressure gauge of U-form, and were thus able 
to find some interesting points about the air 
currents. Thus they find that a well is very 
seldom in a state of equilibrium. It blows out 
when the barometer falls and sucks in air 
when it rises. These variations do not exceed 
a height of one inch on the gauge. As to the 
theory of the action of these wells, it is to be 
remarked that they lie in strata of alluvial 
gravel covered with vegetable earth which is 
quite or nearly impervious to water. We may 
therefore admit that, owing to the spaces 
which exist between the stones of the gravel, 
these strata form a reservoir of great capacity 
in which the water circulates. The water 
comes into the cavities when the atmospheric 
pressure is lowered, and it leaves them when 
the pressure rises. The effect of these move- 
ments is thus felt within the well, inasmuch 
as the latter forms the connecting point with 
the outer air. This phenomenon may be said 
to have a considerable analogy with the emis- 
sion of gases by certain hot springs, to caves 
where a current of air circulates upon the 
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ground, to the variations in the flow of springs 
and other phenomena of a like nature.—Sc7- 
entific American. 





It was recently noticed in a cold storage 
that candles or lamps began to burn with a 
feeble flame as soon as they were brought into 
the room and that in many parts of it they 
were extinguished. A match could be lit, but 
the wax would not ignite. In the corner of 
the storeroom was a disused well, from which 
gas issued, and Mr. Bertram Blount, who was 
asked to investigate the cause of the trouble, 
at first supposed that carbon dioxide was being 
distributed into the air from this well. But 
this was not borne out by analysis of the air 
in the room and from the well, says Knowledge 
and Science, for the amount of carbon dioxide 
was only slightly more than is present in nor- 
mal air, and was quite insufficient to have af- 
fected the combustion of a candle. Samples 
of the air taken from different parts of the 
room contained only 17.5 to 17.7 per cent. of 
oxygen, or from 3.2 to 3.4 per cent. less than 
is present in normal air. The oxygen in the 
air in the shaft of the well amounted to no 
more than 8.6 to 8&9 per cent., and other ex- 
periments confirmed the conclusion that the 
air in the storeroom was ordinary air contain- 
ing less than its proper proportion of oxygen, 
owing to admixture of air deprived of its 
oxygen, which issued from the well shaft. The 
source of the impoverished air from the well 
was finally traced to tunneling operations close 
by, in which compressed air was being used. 
The air must have found its way through the 
soil wherever it was sufficiently porous, and 
so into the shaft of the well, and on its pass- 
age through the soil must have been deprived 
of part of its oxygen by contact with some 
substance such as pyrites. Evidence in sup- 
port of the correctness of this conclusion was 
furnished by the analysis of the mud from 
another well shaft near the first. This mud 
was found to contain pyrites, and air left in 
contact with it for some weeks was deprived 
of almost the whole of its oxygen. 





NE of the causes of a serious loss in the 
transmission of compressed air is pump- 
ing the air of the engine room rather 

than air drawn from a cooler place. This loss 
amounts to from 2 to Io per cent. 
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831,373. AIR-BRAKE ATTACHMENT. Jamzs B. i 
O’DonnELL, Freeland. Pa. Ffled Nov. 20, 1905. 
Serial No. 550.19. 

831,418. AUTOMATIC AIR-BRAKE SYSTEM. 
Frep B. Corey, Schenectady, N. Y., assignor to 4 
General Electric Company, a Corporation of New H 
York. Filed Dec. 1 1908 Serial No. 185,794. ; 

831,540. ELASTIC-FLUID TURBINE. Cuartes G. 

Curtis, New York, N. Y., assignor, by mense i 
assignments, to General Electric Company, a Cor- ; 
oration of New York. Filed Dec. 11, 1903. 
erial No. 18 746. 
831,677. PRESSU E-REGULATOR. AntHony L. 
Noone, New York, N. Y. Filed March 22, 1905. 
Serial No. 251,408. 


Full specifications regarding any of these patents 831,739. PRESSURE-REGULATOR. Anrtnony L. 





may be obtained by sending five cents to the Commis- Noone, New York, N. Y. Filed March 22, 1905. 
sioner of Patents, Washington, D. C. (Stamps will Serial No. 251,409. 
not be accepted.) 831,795. HIGH-SPEED BRAKE. Wittram_B. 





Mann, Baltimore, Md., assignor to American Air- 


830,618. FAN FOR PNEUMATIC STACKERS, Brake Company, a Corporation of New Jersey. 
Joseph K. Suarpe, Jr., Indianapolis, Ind., as- Filed March 5, 1903. Renewed Jan. 10, 1906. ; 
signor to the Indiana Manufacturing Company, Serial No. 295,482. | 


Indianapolis, Ind., a Corporation of West Vir- 
ginia. Filed Apr. 17, 1905. Serial No. 256,106. 
Claim.—1. The combination, with a  fan-vasing 
having an eye leading thereinto, of a fan rotatably 
mounted within the casing, and a guard consisting 
of a series of substantially concentric separated por- 
tions arranged between the eye of the casing and the y : 


fan. > 

830,661. PNEUMATIC KNEE-PAD. _Ernest G. Zi 
GresHaM, Dunedin, New Zealand. Filed Jan. 6, - 
1906. Serial No. 294,970. 

830,075. APPARATUS FOR PRODUCING HIGH- 
LY-OZONIZED AI& OR OXYGEN. AvcusTE 

831,040. LOAD-BRAKE APPARATUS. Joun_ 5S. 
Custer, Pittsburg, Pa., assignor to The Westing- 
house Air Brake Company, Pittsburg, Pa., a Cor- 
poration of Pennsylvania. Filed Dec. 18, 1903. 
Serial No. 185,679. 

831,044. EXPLOSIVE-ENGINE. Herman Dock, 
Philadelphia, Pa. Filed Nov. 6, 1903. Serial 
No. 180,005. 

Clain.—In an explosive-engine, in combination, a 
cylinder, a carbureter, connection between the car- 
bureter and the cylinder, a source of air-pressure 
supply, a pipe leading therefrom to the carbureter, 
a pipe leading from the atmosphere to the carbureter, 
and means to connect the carbureter with either the 
atmosphere or the air-pressure supply. 

831,272. PNEUMATIC TOOL. Natuan W. FLetcu- 
ER, Chicago Heights, Ill., assignor to Turbine 
Motor Tool Company, Chicago, Ill., a Corporation 
of Illinois. Filed May 16, 1904. Serial No. 
208,244. 

















Claim.—In a high-speed brake, the combination of a 
brake-cylinder, with a relief-valve, a movable member 
secured thereto, devices exerting a constant force . 
831,824. VALVE FOR FLUID-PRESSURE 
MOTORS. Sipney W. Brarnarp, Cleveland, : 
Ohio, assignor to The Cleveland Pneumatic Tool j 
; Company, Cleveland, Ohio, a Corporation of Ohio. 
4 Filed Feb. 9, 1906. Serial No. 300,227. 


Claim.—A tool for the purnoses set forth, compris- 
ing a main frame embracing a base having a fiat, 
bottom bearing-surface, a turbine-motor, the rotative 
member of which is mounted centrally over the base 
with its axis of rotation vertical and the non-rotative 
member of which is rigidly attached to said base and 
constitutes a part of the Bose an upright tool-shaft 
located outside of said base, a rigid arm on the frame 
affording a bearing for said shaft, end bearings for 
the shaft which are adjustable on said arm in a 
direction endwise of the shaft, and gearing connecting 
the rotative member of the motor with said tool-shaft. 
831,275. APPARATUS FOR HUMIDIFYING AND 

CLEANSING AIR. Joun W. Fries, Winston 
Salem, N. C. Filed April 24, 1902. Serial No. 


104,481. 

831,284. PROTECTIVE DEVICE FOR VENTILAT- 
ING-FANS. Rosert A. Ixc, Chicago, Ill, as- 
signor_of one-half to Theresa Ilg, Chicago, IIl. 
Filed Feb. 3, 1905. Serial No. 244,028. 
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Claim.—In a fluid-pressure motor, the combination 
of a cylinder, its piston, a crank-shaft, and connec- 
tions between said crank-shaft and piston, with a ro- 
tary valve consisting of two concentric parts, to wit, 
a tubular shell having an exhaust-port through its 
wall, and an inlet-port in its surface, and a stem hav- 
ing a longitudinal hole open at one end, and one or 
more transverse holes through its wall connecting with 
said longitudinal hole, there being an annular space 
between the valve-shell and stem, mechanism adjust- 
ably connecting said shell and stem, and mechanism 
transmitting motion from the crank-shaft to said 
stem. 

831,864. RETAINING AND RECHARGING VALVE 
FOR AIR-BRAKES. Ctraupe B. Harrincton, 
McMechen, W. Va., assignor of one-half to Harry 
A. Uhler, W. J. Duffy and.O. L. Simms, Mc- 
Mechen, W. Va. Filed Sept. 25, 1905. Serial 
No. 280,096. 

831,930. MOTOR OR ENGINE. Cuartes C. Crark, 
corning, N. Y. Filed Sept. 13, 1905. Serial No. 
278,327. 

Claim.—An engine or motor provided with pneu- 
matic driving means, electrical driving means, and a 
generator adapted to be operated by air-pressure from 
the pneumatic driving means and to supply current 
to said electrical driving means. 

831,970. PNEUMATIC SANDER. Jonwn J. Morcan, 
Baltimore, Md., assignor to John C. Hooper and 
Thomas M. Hanson, Baltimore, Md. Filed June 
19, 1906. Serial No. 322,398. 
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Ciaim.—A pneumatic sander comprising a _ sand-re- 
ceptacle; a plurality of sand-distributing devices sus- 
tained in said receptacle in different horizontal planes 
and air-tubes in the receptacle and also arranged in 
different horizontal planes. 

832,038. PNEUMATIC VALVE. Hampus A. Cart- 
son, Bridgeport, Conn. Filed April 26, 1906. 
Serial No. 313,897. 

832,306. PNEUMATIC BRAKE-VALVE.  GeorcGe 
P. Finnican, Greene, N. Y. Filed Aug. 26, 1904. 

Serial No. 222,240. 








Claim.—In a pneumatic brake-valve, the combina- 
tion of a hollow pneumatic member provided with 
an opening, a disk of glass disposed adjacent to said 
opening and having a convex conformity for the 
purpose of resisting air-pressure, and means for auto- 
matically breaking said disk so as to allow the free 
passage of air through said opening. 


. tubes or ducts receiving the 


832,374. MOUTHPIECE FOR PNEUMATIC TEAT- 
CUPS. ALExaANpDER GILLiEs, Geelong, Victoria, 
Australia. Filed March 22, 1906. Serial No. 
307,454. 

832,375. PNEUMATIC HEEL-CUSHION. WILL- 
1AM L. Gorpon, Deal, N. J. Filed Dec. 13, 1905. 
Serial No. 291,562. 

382,567. COMPOUND AIR-PUMP. HowarRpD 
Wixon, Chicago, Ill., assignor to Imperial Brass 
Manufacturing Company, Chicago, IIl. Filed 
April 13, 1905. Serial No. 255,291. 


(" 


a | 




















Claim.—A compound pump comprising high and 
low pressure cylinders having inlets at adjacent ends 
and outlets at the opposite adjacent ends and having 
an unobstructed passage leading from the outlet end 
of the low-pressure cylinder to the inlet end of the 
high-pressure cylinder, and one-way yielding, cupped 
pistons in said cylinders connected to shift simul 
taneously in opposite directions, substantially as de- 
scribed. 


832,673. PEDAL ATTACHMENT FOR PNEUMA- 
TICALLY-OPERATED INSTRUMENTS. NeExt- 
son D. Hostey, Meriden, Conn., assignor to The 
Wilcox & White Co., Meriden, Conn., a Corpora- 
tion. Filed Sept. 14, 1905. Serial No. 278,410. 

832,768. ELECTRIFIER FOR TREATING AIR 
OR OTHER GAS. James H. Brings, Philadel- 
phia, Pa. Filed May 25, 1906. Serial No. 318,643. 

832,780. FLUID-PRESSURE-ACTUATED ME- 
CHANISM FOR CONTROLLING_ GATES, 
VALVES, &c. Georce A. Cutter, Nashua, N. 
H., assignor to Improved Paper Machinery Com- 
pany, Castine, Me., and Nashua, N. H., a_Cor- 
oration of Maine. Filed Feb. 14, 1903. Serial 
Yo. 143,339. 

832,783. COMPRESSION OF ELASTIC FLUIDS. 
SEBASTIAN Z. DE FeErRANTI, London, England. 
Filed Oct. 19, 1903. Serial No. 177,703. . 

Claim.—An_ elastic-fluid compressor employing a 
liquid as the medium of compression, comprising means 
for giving the liquid hy ayy a plurality of fixed 

iquid from such means 
through which the elastic fluid is compressed succes- 
sively under pressure by said liquid and a means 
which said tubes connect for receiving the discharge 
therefrom. 
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WHAT KIND OF HOSE 
DO YOU USE? 
HERE is only one k nd that can be 


absolutely relied upon in cases of 
emergency and that is he Flexible 
Steel Armored Hose. We claim relia- 
ability because this hose is the only kind 
which is completely encased in_ steel 
armor, thus having, as it were, a band- 
age to prevent the loss of air or steam in 
case of the collapse of the rubber lining 
and thereby retaining a sufficient pressure 
of air or steam to operate the drill, air 
brakes or other mechanism until it is con- 
venient to replace the damaged piece. 
The freedom from costly delays and lia- 
bility for loss of life or property makes 
this hose of vast importance to all railroad 
operators. Write for copy of bulletin 


No. 50546. 
Sprague Electric Company 
General Offices : 


527 West 34th Street, New York City 
Chicago Officc: Fisher Building 
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Engineering - Contracting 


T?. is a weekly journal, edited by HALBERT 








P. GILLETTE, author of Handbook of Cost 

Data, Earthwork and Its Cost, Rock Excava- 
tion, etc. The articles in ENGINEERING-CONTRACTING 
form a sequel to Mr. Gillette’s books. being, for the 
most part, articles on the methods and costs of doing 
work. In addition to these articles, the contract 
news of the week is given. This news service is 
believed to be superior in point of promptness and 
accuracy to the news in any other engineering or 
contracting paper. Mr. C. T. Murray, who has been 





in charge of the contract news department of Engi- 
neering News until last December, is now in charge 
of our contract news department. Mr. Gillette, who 
has written for other papers in the past, including 
Engineering News, will write only for the ENGINEER- 
ING-CONTRACTING hereafter. His series of articles on 
Cost Keeping on Contract Work, now running, 
should be read by every contractor and engineer. 


The Subscription Price of Engineering-Contracting 
is only $1.00 a year. Send for a sample copy. 


The Myron C. Clark Publishing Co., 


13-21 Park Row, 
NEW YORK. 











REPAIRS CONSUME PROFITS 


A LIMITED WATER SUPPLY 


Decreases the output. Install a 20th Century 
Air Pump and increase your water supply 50 
per cent. 

Easy to Operate. 


Nothing to Wear Out. Write for Catalogue. 


Harris Air Pump Company 


62 LOMBARD BUILDING 
INDIANAPOLIS, IND. 
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Clean-Washed Material Permits Accurate Sorting 


“ “CRANE’™ 


SCREEN and WASHER 








Rich “Fines” by Screening 
Rich “Slimes” by Washing 
Rich “Lumps” by Picking 


Complete Plants for CONCENTRATION, CYANIDING, 
CHLORINATION and SMELTING of Ores 


™ STEARNS-ROGER MFG. CO. 


Engineers and Contractors 


DENVER, COLO. 








COOPER- 
CORLISS 
ENGINES 











FOR ALL POWER PURPOSES 





Complete Plants a Specialty 


EXCELLENT FACILITIES FOR HANDLING 
EXPORT TRADE 





ESTABLISHED i833 


The C. & G. COOPER COMPANY 


MT. VERNON, OHIO, U.S. A. 








NEW YORK, . 1430 Bowling Green Building 
BOSTON, ° ° ° 411 Weld Building 
PHILAPELPHIA . ° ° Drexel Building 
PITTSBURG,  . ° 604 Frick Building 
ATLANTA, . ° - $310 Chandler Building 
CHARLOTTE, N.C. - South Tryon Street 
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The Sargent Compressed Air and Steam 
Meter is the only instrument on the 
market that will absolutely indicate the 
cubic feet of free air or the pounds of 
steam flowing through a pipe irrespective 
of the pressure. It is an instrument of 
precision guaranteed to be accurate within 
2 percent. Write for catalogue. 


SARGENT STEAM METER CO., 
1326 First National Bank Building, 
Cuicaco, U.S. A. 





AMERICAN DIAMOND 


SAND BLAST. 


A marvel of 
simplicity and 


efficiency. 


(No. 2 portable 
for Railroad 
Work.) 


Cleaning Surfaces for 
Repainting. 





AMERICAN DIAMOND BLAST 60, 
114 Liberty St., N. Y. City. 











Drills ¥ Chippers 
RIVETERS 


Most POWERFUL Tools 


ON THE MARKET 


BOWES HOSE COUPLING 








INSTANTLY CONNECTED NEVER LEAKS 
CATALOGUE “'G’’ MAILED ON REQUEST 
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SAND BLAST 
MACHINERY 








At 30 lbs. pressure compressed 
air drives the SAND 
BLAST 





It gives you the cleanest casting 
at the lowest cost 
It does all your work quickly 
and thoroughly. 





WRITE FOR CIRCULAR 
which will tell you all 
about it 











J. W. PAXSON CO. 


Foundry Supplies and 
Equipment 


PHILADELPHIA, PA. 
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AIR_ COMPRESSORS 


of the highest efficiency and economy. Do 
not decide on any particular MAKE until 
you have investigated the BURY PORT- 
ABLE MINE COMPRESSORS, GAS 
COMPRESSORS, VACUUM PUMPS. 

Our illustrated catalog describes our 
machines in detail—mailed FREE on 
REQUEST. 


Bury Gompressor Company, 
ERIE, PA. 4 








AGENTS WANTED 


Every Manufacturing Town 


To obtain subscriptions for us. Appeal to 
Manufacturers, Mechanics, Shop Superin- 
tendents, Mine Operators, Hydraulic Engi- 
neers, College Professors and many other 
classes of men. If you are interested tear 
out this advertisement and mail tous. We 
will then send you full particulars and 
terms. 


“COMPRESSED AIR,” 
90-92 West Broadway, N. Y. 


Send me particulars of your terms 


to agents. 
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HANNA ENGIN EERING WORKS 


820 ELSTON AVE., 


CHICAGO, 


Hanna Riveters 


htc. 








Hanna Shakers 





FULL PARTICULARS CHEERFULLY GIVEN. 





Eastern Sales Representatives: THOMAS W. PANGBORN, 227 Fulton St., New York, N. Y. 











AIR POWER 





PLANTS 


FOR HEAVY CONTRACT WORK. 





Interior of the Manhattan power house of S. Pearson and Son, Inc., contractors 
for the four East River tunnels of the Pennsylvania Railroad. This plant 
contains eight Ingersoll-Rand compressors—six Corliss and two straight line— 
aggregating 22000 cubic feet of free air per minute. At the Long Island terminal 
of the tubes are seven Ingersoll-Rand Corliss compressors with a total capacity 
of 24000 cubic feet. Ingersoll-Rand compressors--sixty-six in number—are 
used exclusively in driving the fourteen subaqueous tunnels under construction 
in New York. 350 Ingersoll-Rand Rock Drills are also used in these tunnels. 
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PNEUMATIC PUMPING SYSTEMS. —ii == =sHAMMER DRILLS. 





INGERSOLL-RAND C 


Chicago Philadelphia 11 Broadway, St. Louis 

Cleveland Houghton, Mich. NEW ‘YORK Pittsburg 

Birmingham San Francisco Denver Seattle Salt Lake 

Berlin Johannesburg London Paris Melbourne 
U 47 


El Paso 
Boston 
Mexico City 
Kalgoorlie 
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Sart wit 
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PORTER COMPRESSED AIR 


MINE AND INDUSTRIAL HAULAGE 





MORE UP-TO-DATE, SAFER, HANDIER'“AND MORE RELIABLE AND 
ECONOMICAL THAN ELECTRICITY 


We introduced the first air haulage into anthracite mines, and have installed about 80 per 
cent. of the air locomotives in America and the majority of those in the world. We can refer to 
a large number of plants with one to fifteen locomotives, track gauges 18 to 56% inches. Our 
designs are automatic, easily controlled and free from complications. 

SPECIAL OFFER: On application of Mine Superintendent or prospective user, we will 
mail free our 233 page catalogue describing 600 steam and 60 air locomotives. To accommodate 
others a copy will be mailed on receipt of 50 cents in stamps. , 


Address H. K, PORTER COMPANY, 5A Wood St., Pittsburgh, Pa, 








The B. F. Goodrich Company 


AKRON RUBBER WORKS. FACTORIES: AKRON, OHIO, U. 5. A. 


BRANCHES: 
NEW YORK, 66-68 Reade St. CHICAGO, 24 E. Lake St. PHILADELPHIA, 909 Arch St. 
BOSTON, 161 Columbus Ave. DETROIT, 266 Jefferson Ave. BUFFALO, 731 Main St. 
CLEVELAND, 2188 Ninth St.S.E. DENVER, 1444 Curtis St. ST. LOUIS, 3926-28 Olive St. 


OAKLAND, CAL., 4th & Washington Sts. LOS ANGELES, CAL., 818 South Broadway. 
LONDON, ENGLAND, 7 Snow Hill, E. C. 


RUBBER GOODS 


OF FINE QUALITY 


HOSE FOR ALL PURPOSES #6 


AIR HOSE. for Rock Drills, Compressors, ILLUSTRATED 
Mining Machines, Pneumatic Riveters, etc. CATALOGUE 


STEAM HOSE, ETC. 
Belting, Springs of all kinds, Valves, Gaskets, Rings, Packing, etc., etc. 
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Sullivan 
Air Compressors. 


This is one of threeclass W B-2 Sullivan Straight 
Line, Two-Stage Compressors used by Lane 
Bros. Co. on their tunnel contract at Lynch’s 
Va. (Tidewater Railway). 





Mine and Quarry 


for November contains an account of construc- 
tion progress on this railroad. Other articles: 
‘Quarrying Marble in Georgia,” ‘‘Cost of 
Drilling at the Wabana (Newfoundland) Iron 
Mines,” ‘‘Machine vs. Hand Coal Mining.” 


YOUR COPY IS READY. 


Sullivan Machinery Co. 





CHICAGO PITTSBURG ST. LOUIS SALT LAKE 
NEW YORK KNOXVILLE DENVER EL PASO 
CLAREMONT, N. H. JOPLIN, MO. SAN FRANCISCO BUTTE 




















WHEELER CONDENSER 


AND ENGINEERING CoO. 
4A2 BROADWAY, N. Y. 


Works, Carteret, N. J. 

BARNARD-WHEELER WATER COOLING 
TOWERS ARE USED FOR COOLING 
THE WATER CIRCULATING AROUND 
THE JACKETS OF AIR COMPRESSORS. 


Information and Prices cn Application. 














CHICAGO CINCINNATI SAN FRANCISCO 
YOHOHAMA TRIESTE 
LONDON PARIS 
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/-SANDCRAFT 


THE INJECTOR SAND BLAST 


APPARATUS 


and Stone Work, etc. 
AVINIAID AOA ALIOM 





For Cleaning Castings, Structural Steel 


1905 MODEL 


Made by C. DRUCKLIEB 


132 READE STREET, NEW YORK 





Class F, Steam-driven Two-stage Air Compressors. 


THE BLAISDELL 
Air Compressors 


Possess distinctively original features of 


Design, Economy and Efficiency 
Not found in other makes. 


All Sizes and Types and for 
any Service 


THE BLAISDELL MACHINERY CO. 


BRADFORD, PA. 








Brown & Seward 


Solicitors of 
American and 


Foreign Patents 


Experts in Patent Causes 





OFFICES: 


256 BROADWAY 
NEW YORK 


EDWARD C, SEWARD 
ROBERT B, SEWARD 

















ELECTRIC AND BELT-DRIVEN 


AIR. COMPRESSORS 
CURTIS & CO. MFG. CO, St. Louis, Mo. 


AIR HOISTS AND ELEVATORS 


HAND AND PNEUMATIC CRANES 


LIST OF AGENTS: 
A. E. Hoermann, 41 Park Row, N. Y. 
Baird [Machinery Co., Pittsburgh, Pa. 
Hill, Clarke & Co., Boston, Mass. 
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The Slogan of the Cameron—“ Character: The Grandest Thing.” 


CAMERON Pumps 


COMPOUND OUTSIDE END-PACKED : 
PLUNGER POT-VALVE PATTERN 


Are especially adapted for use in coal mines 
and where the water is especially sulphurous and 
gritty; and equally efficient with compressed 
air as with steam. 

The water cylinders are built in sections and 
the use of a large single water valvein the separ- 
ate chambers instead of groups of smaller valves, 
allows the passage of comparatively large solid 
bodies, such as pieces of coal and dirt, which 
enter with the water and would otherwise clog 
the valves. 

The sectional view shows the valve. wood- 
lined, but all the other passages can be provided 
with ample valve area and large water passages, 
thus reducing the erosion and wear. 

Our latest patterns embody all the improve- 
ments that years of experience in mining work 
have suggested. 
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WE WILL GLADLY SEND YOU A MORE COMPLETE DESCRIPTION OF THIS TYPE 
ALSO OUR CATALOGUE EDITION ‘‘ K,.” WRITE TO-DAY. 


A. S. Cameron Steam Pump Works, — |] 


FOOT OF EAST TWENTY-THIRD STREET, NEW YORK. 
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AIR COMPRESSORS 


ALL STYLES—ALL SIZES 


EMBODYING LATEST IMPROVEMENTS 


ROCK DRILLS 
McKIERNAN DRILL CO. 
170 Broadway, New York City 


House Gleaning Machinery 


Stationary Private Plants for residences, $350 
and up. Power from lighting current. 


Private Plants for Department Stores, Hotels, 
Theatres, etc. 


Stationary Plants for Professional Carpet Clean- 





Portable Plants for residential house cleaning. 
Small capital required. 


General Compressed Air House Cleaning Co. 
4434 Olive Street, St. Louis, Mo. 











PATENTS 


procured promptly and with care in all 
countries. Trade marks and copyrights 
registered. 


DAVIS & DAVIS 


ATTORNEYS-AT-LAW 


WASHINGTON, D. C. 
220 BROADWAY, NEW YORK 
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WHY NOT USE 


Powell Air Gun Valve? 





Blows your work bench, machine tool, in fact everything 
Perfectly clean. Operation is another case of “Press The 


THE WM, POWELL CO., Cincinnati, Ohio, 


















Westinghouse Motor Driven Air Compressor, Operating Sewage 
System, Knickerbocker Trust Building, New York. 


Westinghouse Air Compressors 
Westinghouse Traction Brake Co. 
General Offices : Pittsburg, Pa. 


Address nearest office: 
Boston, 638 Exchange Bldg. Los Angeles, 527 So. Main St. 
Buffalo, 774 Ellicott Sq. Bld x. Mexico City, Mex.. 4% Calle de San Diego. 
Chicago, 1545 Ry. Exch. Bide. New York, 2014 Trinity Bldg. 
Cincinnati, 1111 Traction Bldg. Richmond, 804 American Nat. Bk. Bldg. 
Cleveland, 1007 New Eng. Bldg. St. Louis, 1932 North Broadway. 
Columbus, 1132C. Sv. & Tr. Bldg St. Paul, 634 Endicott Bldg. 
Denver, 604 Majestic Bldg. San Francisco, 302 Rialto Bidg. 
For Canada, Canadian Westinghouse Co., Ltd., Hamilton, Ont, 






















“Compressed Air’ 


PUBLISHED MONTEHLY. 


‘i nae is the only publication devoted to the useful applications of compressed air, and it is the 


recognized authority on all matters pertaining to this subject. 





RATES OF SUBSCRIPTION. 


United States, Canada and Mexico, per year, $1.00. 
All Other Countries, $1.50. Single Copies, 10 Cents. 





List of Books on Compressed Air. 


Volume No. 10, ‘‘CoMPRESSED AIR” 

March 1905-February, 1906, inclusive. The twelve numbers ‘‘CompressEeD 
Air,” which make up a summary of a year’s events, including descriptions of 
important compressed air installations and applications, all well illustrated 
with fine half-tone engravings and line cuts. 


‘‘Compressed Air Information.” Edited by W. L. Saunders 
A cyclopedia containing Practical Papers on the Production, Transmission 
and use of Compressed Air. 


‘‘Pumping by Compressed Air.” By Edward A. Rix 
A practical treatise on this subject, containing valuable information, with 
diagrams and tables. The different systems are described and 
compared, and the advantages of each impartially stated. 


‘‘Compressed Air.” By Frank Richards 
Contains practical information upon air compression and the transmission 
and application of compressed air. 


“Liquid Air and the Liquefaction of Gases.” By Prof. T. O’Conor Sloane, 350 pages.. 


Experiments on the Transmission of Power by Compressed Airin Paris, by A. B. W. 
Kennedy, F. R. S. M. Inst., C. E., Emeritus Professor of Engineering in Uni- 
versity College, London. The Transmission and Distribution of Power from 
Central Station by Compressed Air, by William Cawthorne Unwin, B. S. C., 
ice 1 Re GY Cr as Ge a er 


‘‘Electrician’s Handy Book.” By Prof. T. O’Conor esi, 800 pages 
A practical hand-book on electrical work for the engineer and non-technical man. 


‘*Mechanics of Air Machinery.” By Julius Weisbach and Gustav Hermann 


“Tunneling.” A practical treatise, by Charles Prelini, C. E., with additions by 
Charles S. Hill, C. E. 150 diagrams and illustrations 


‘‘Transmission of Power by Fluid Pressure. By William Donaldson, M, A., (M. Inst. 

PE cee KWEN NRE RS ese on dda s ¥900 4 eT oe ee eT ee eo cloth 

‘“‘Modern Machine Shop Construction, Equipment and Management.” By Oscar E. 
Perrigo, M. E 


FORWARDED POSTPAID ON RECEIPT OF PRICE. 





PUBLISHED BY 


THE KOBBE COMPANY, 


go-92 West Broadway, New York. 




















AIR TOOLS 


“IMPERIAL” and ‘HAESELER” 


Two complete lines, distinct in design, but 
alike in their superior workmanship and 
material. The illustration shows a 
‘‘Haeseler” hammer at work on a turbine 
Cunard steamer in the shipyard of Swan & 
Hunter, Newcastle-on-Tyne, England. The 
steel structure of the new steamship 
‘‘Mauritania,” the largest turbine steamer 
in the world, was constructed with 
‘‘Haeseler” tools at the shipyards of Swan 
& Hunter. 


INGERSOLL-RAND Co., 


11 Broadway, New York. 


Chicago Philadelphia St. Louis El Paso 
Cleveland Houghton, Mich. Pittsburg Boston 








REVERE RUBBER COMPANY, 


MANUFACTURERS OF 


HOSE FOR PNEUMATIC TOOLS. 
Home Office, Boston Massachusetts. 


FACTORIES AT CHELSEA, MASS. 


Branches: 
NEW YORK PHILADELPHIA PITTSBURG 


CHICAGO MINNEAPOLIS NEW ORLEANS 
SAN FRANCISCO PORTLAND, ORE. 

















VOLUME X 
COMPRESSED AIR 


Bound in cloth now ready for delivery. 
A complete record of compressed air 
for the past year. Price . . $2. 


The KOBBE CO. 
go-92 West Broadway, N. Y. 





NOTSELESS AND VALVELESS COMPRESSORS | 
HIGH SPEED BMLIGHT WEIGHT J NO REPATRS | 


-y- FOR -—— 


'PNEUM ATI eRe: BUILDINGS § 








(HAMMER DRILLS MOTOR TIRES? 
OIL ATOMIZING AIR LIF T,PUMPS!? 


RIX COMPRESSED AIR *&'DRILL'CO: 


SAWN FRANCISCO; CAL. 











JUST ISSUED! 


NEW COPIPLETE DESCRIPTIVE CATALOGUE 





OF THE 


FRANKLIN: AIR COMPRESSORS, 


EVERY COMPRESSED AIR USER SHOULD HAVE IT. 





CHICAGO PNEUMATIC TOOL CO. 


Fisher Building, 95 Liberty Street, 
CHICAGO. NEW YORK. 














Quick-as-Wink 
Couplers 


For Air or Steam Hose 


Clean or gritty, they OPERATE 
INSTANTLY; THEY STAND THE®@ 
PRESSURE and THEY SWIVEL. 


They are made with or without at- Sf 
tached releasing levers. COUPLED. 


The W. J. CLARK CO., 35 Depot Street, SALEM, OHIO. 








